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PART ONE 

THE BASIC MACHINE TOOLS 




CHAPTER 1 

CLASSIFICATION, TYPE AND SIZE RANGES, AND 
IDENTIFICATION CODE OF MACHINE TOOLS. 
TOOL AND WORK MOTIONS IN MACHINE TOOLS 


1-1. Machine Tool Glassification 

At the present lime, the machine tool industry of the USSR produces 
a large number of metal-cutting machine tools, differing in purpose, process- 
ing capacities and size. We shall call the sum total of machine tool types 
and sizes being manufactured, as well as those planned for production in 
a certain definite period (for instance during a seven-year period) a type and 
size range. With the development of the Soviet machine tool industry and 
the higher requirements made to machine tools by the various branches 
of mechanical engineering, the type and size range is being continually 
o.xtended. 

The models of machine tools that are manufactured in lots in the USSR 
are designated by an identification code based on the classification worked 
out by the Experimental Research Institute for Metal-Cutting Machine 
Tools (ENIMS*). According to this classihcation, all machine tools are 
divided into nine main groups depending upon the type of processing opera- 
tions they perform or the tools they employ (Table 1). Each main group, 
in turn, is further divided into nine subgroups (types) characterizing the 
specific purpose of the machine tool, its construction arrangement, degree 
of automaticity or the type of cutting tool employed. 

The model designation consists of a combination of three or four numbers 
and letters. The first digit alwaj's indicates the number of the group according 
to the ENIMS classification; the second digit is the number of the subgroup. 
The last one or two digits represent one of the most important dimensions 
of the machine tool. In the different groups of machine tools, the last figures 
may stand for different, most characteristic, processing capacities of the 
machines. For example, model I13G is a single-spindle automatic screw 
machine with a bar capacity of 3(j mm, while model 2135 is an upright drill 
press with a drilling capacity of 35 mm. 

The letter following the first digit indicates that the basic model of the 
machine tool has been modernized. Thus, the model 1AI36 automatic is 
a modernized version of model 113G. The stepped-speed spindle drive in the 
earlier model has been replaced by a drive with infinitely variable speeds 


*As this institute is knowTi m the USSR from the abbreviation m Russian. 



CLASSIFICATION AND IDENTIFICATION CODE OF MACHINE TOOLS 


TAB 


Machine tools ' 

Croup 

Types of mac 

j 1 2 3 4 

Lathes 

1 Automatics and semiauto- Turret lathes Cutting-off 

matics lathes 

single-spindle multiple- 
spindle 

Drilling and 

boring ma- 
chines 

2 Upright drill Semiautomatic Semiautomatic Jig borers 
presses single-spin- multiple- 

dle drilling spindle 

machines drilling ma- 

chines 

Grinding and 
microfin- 
ishing ma- 
chines ' 

3 Cylindrical Internal grind- Snagging Specialized 

grinders ers grinders grinders 

1 

iombinalion 
machine tools 

4 General-purpose Semiautomatic Automatic 
machines machines machines 

rear- and 
thread-cut- 
ting machines 

5 Shapers and Bevel gear gen- Hobhers for Worm wheel 

planers for erators spur and hoi- and v>'orm 

spur and hcl- ical gears cutting ma- 

ical gears and splined chines 

shafts 

illing ma- 
ciiincs 

0 Vertical knee- Continuous Tracer-con- 

type milling milling ma- trolled mill- 

machines chines ing and en- 

graving ma- 
chines 

tanors, shap- 
ers, slot tors 
and liroaching 
machines 

■ '' ^ Planers . Shapers Slotters 

’ oponsidc double-hous- 

' ing 
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LS 1 


hine tools 


5 1 6 1 7 I S 

9 

Vertical turning Engine and facing Multiple-tool t^Specialiyed 

andboringmills lathes lathes machine. 

tools. 

Mlscellaso- 
OU3 ma- 
chlno 
tools of 
[the vario- 
us groups 

Radial drills Boring machines Precision boring Horizontal 

machines drilling 

machines 

Tool and cutter Surface grinders AlicrohDishing 
grinders machines 


Gear-tooth cham- Thread-milling Gear finishing Goarand thread 
fering maciiines machines machines grinders 

Vertical-spindle Fixed-bed and Ram-bead milling Horizontal 

compound-table planer type mill- machines knee-tj-pe 

milling ma- ing macbiues milling ma- 
chines chines 

Honzontalbroach- Vertical broach- 
ing machines mg machines 



16 


classification and identification code of machine tools 


TABLE 1 


Machine tools 

Group 

Types of ma 

1 

1 ^ i 

3 

I 1 

1 

Cutting-off ma- 
chines 

8 Cutting-off Abrasive cut- Circular-saw Straightening 

lathes ting ma- friction cut- and cutting- 

chines ting ma- off machines 

chines 

Miscellaneous 

9 Coupling and Saw-cutting Centreless bar 

pipe thread- machines turning and 

ing and cut- straightening 

ting ma- machines 

chines 


m the modernized model. Letters following the last number indicate a modi- 
fication of the basic model. Thus, the basic model of the 1K62 engine lathe 
has the following modifications* model ITCR^A nri+L + ° j. i 

model 1K62B which is the same lathe but of higher accuracv-^modeH°S2T 

plant “oh 

t I"' 'rfhe’cSaf 

rack ouuing macUne manifactured by VS|C4“UtcS«tg fe' 

be referred 

a Ua?4rfel7Tf4alktaTn7o4?a“^^^^^^^ on°a’ performing 

(2) Single-purpose machine tools are rf jfequently called omniversal). 
dcfimto machining operation. They mav performing a single 

diffcrent-sized parts of the same type Machinrfoiy machining 

i-jpe. machine tools m this group include 
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(continued) 


chine tools 


1 ^ 

' 1 

7 j 

8 

9 

Bandsaw cutting- 
off machines 

Circular cold 
sawing machines 

Power backsawing 
machines 


Kfiscellane- 
ous ma- 

Tool testing ma- 
chines 

Dividing ma- 
chines 

Balancing ma- 

chines 


tools of 
the va- 
rious 
groups 


those for machining the crankpins of crankshafts, for turning the cam con- 
tours on camshafts, etc. 

(3) Specialized machine tools can be adapted to machine a certain definite 
workpiece by making the necessary changes in their construction. This 
group includes unit-built machine tools. 

(4) Special machine tools arc designed and manufactured individually 
and are intended for performing a certain definite operation in machining 
a certain definite workpiece. Specialized and special machine tools find 
application in large-lot and mass production. 

Insofar as their weight is concerned, machine tools can be classified 
as light'U'eight (up to 1 ton), medium-weight (up to 10 tons) and heavy-weight 
(over 10 tons). The last-named are further divided into the subgroups: large- 
size (from 10 to 30 tons), heavy {30 to ITO tons) and extra-heavy or unique 
(over 100 tons). 

ENIMS has divided all machine tools into five accuracy classes. Class H 
refers to machine tools of standard accuracy and includes the majority 
of the general-purpose models. Machine tools of above-standard accuracy, 
class n, are manufactured to the same drawings as the standard accuracy 
models, except that higher requirements are made to the accuracy with 
which the critical parts are manufactured, as well as to the quality of assem- 
bly and adjustments. Class B, high accuracy, machine tools have certain 
units that have been specially designed with the aim of maintaining the 
.high accuracy standards. In addition, narrow tolerances are stipulated 


2-06*9 
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CLAS.Sl FJCA'I'J ON AND 


I DKN TIKI CATION COD15 OF MACHINE TOOLS 


for all llie parts, as well as for their assembly and adjustments as a whole. 
In the manufacture of precision machine tools, class A, the accuracy require- 
ments are oven higher than for class 13. Iligli-precision or mas/er naachine 
tools! comprising class G, arc intended for making the parts which determine 
the accuracy of machine tools belonging to classes A and 13. Machine tools 
of the A, 13, and C classes are to he installed in special constant-temperature 
rooms, in which constant temperature and humidity are maintained auto- 
matically, to ensure the required accuracy of operation. 


1-2. Working and Auxiliary Motions 
in Machine Tools 


In order to obtain a finished machine part of the required shape and size, 
surplus stock must be removed in the form of chips from the blank as it is 
maciiined in one or more metal-cutting machine tools. 

Tile shape of the machined surface that is obtained depends upon the 
motions imparted by the machine to the work and cutting tool, upon the 
co-ordination of these motions and upon the shape of the tool. Surfaces 
of various shapes can bo obtained on tlie same machine tool by varying 
the parameters of each motion (speed, co-ordination with other motions, 
direction, path, etc.) and by changing the tool. 

The jirocess of chip removal is effected by the working motions of the ma- 
chine tool (formative motions) which arc transmitted either to the cutting 
tool, or to the work, or to both simultaneously. 

Working motions of a machine tool include the primary cutting motion 
and the feed motion (or motions); each of the working motions is specified 
by its spoeil or rale. 


The primary cutting motion provides for cutting the chip from the blank 
at the catting speed v equal to the velocity with which the chip leaves the 
work. The maximum permissible and practicable cutting speed depends 
upon the work material, tool material, machining method and other factors. 
It is determined c.xpcrirncntally. 

The rate of feed,^ or speed of the feed motion, is .substantially less than 
the cutting speed. Ihe feed motion onahics the cutting process to be extended 
to the whole surface to bo machined on the work. Other conditions being 
equal, the rate of food dctermine.s the cims-.soctional area of the chip. 

In addition to the working motions, the design of a machine tool always 
piovidos for (luxHiary motions who.so aim is to prepare the machine, work 
and tool for carrying out the cutting process, and to provide for the con- 
secutive machining of several surfaces on one workpiece or similar surfaces 
on .several workpieces. These motions include those providing for the handl- 
ing and clamping of the lilank in the machine, advance of the cutting tool 
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to the corresponding surface of the tcork and its withdrawal, the engagement 
and disengagement of the w’orking motions, changing their speeds and 
direction, etc. 

As a rule, the working motions of machine tools are power driven. The 
only exceptions are certain small machines which have hand feeds. 

Auxiliary motions may be cither hand or power operated. In automatic 
machine tools, practically all the auxiliary or handling motions are auto- 
mated and are performed in a definite sequence by the machine itself at the 
required moments of the automatic operating cycle. 


1-3. Primary Cutting Motions in Machine Tools 

The most commonly used types of primary cutting motions are rotation 
and straight-line reciprocation. 

The primary cutting motion of certain machine tools may be of a more 
complex nature but it can also be described as a combination of rotarj* 
and reciprocal motions. 

Rotary motion may be transmitted either to the work, as in the lathe 
group of machine tools (Fig. lo), or to the tool, as in the milling (Fig. \c), 
drilling (Fig. Id), finding (Fig. 16) and other machines, or to both simul- 
taneously, as in drilling small-dlametor holes. The cutting speed of a rotary 
cutting motion is 

t'=^nipermm (1) 

whore d =* diameter of the surface being machined on the rotating work- 
piece, or of the rotating tool, mm 
n = rotational speed of the workpiece or tool, rpm. 

Since the cutting speed in machine tools of the grinding group is deter- 
mined in metres per second, 

’’= l.(K^XW) ” , ( 2 ) 

whore d and n are the diameter and speed of the grinding wheel in mm and 
rpm, respectively. 

A straight-line reciprocating primarj' cutting motion is employed in plan- 
ers, shapers, slotters, broaching machines, power hacksaws, etc. This 
motion can be transmitted either to the tool, as in shapers (Fig. 26), slotters 
(Fig. 2a) and certain other machines, or to the work, as in planers (Fig. 2c). 

Cutting takes place periodically in most machine tools with a recipro- 
cating primary cutting motion. The cutting cj’cle consists of a working 
stroke during which the tool cuts a chip, and the idle or return stroke when 

2 * 
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the tool or T\’ork returns to its ioitial position. To reduce nonproductive 
time in machining (time losses) the speed of the return stroke is usually 
higher than that of the working stroke. The link-gear and crank-and-con- 
necting-rod mechanisms, widely used in machine tools to convert rotational 
motion into reciprocation, do not provide for constant working and return 
speeds. This has led to the conception of the average speed of the working and 
return strokes and the maximum working and return speeds. The cutting 
speed V (or its average value) can be determined from the formula 

^ = ' i,ucxiA- per mm (3) 

where L = length of the working stroke, mm 

n* = number of full strokes per min (one full stroke includes a work- 
ing and a return stroke) 

A' s= pii , where ^nd Tr — limes required for the working and 
return strokes, respectively. 

Formulas (1), (2) and (3) can be used to determine the rotational speeds 
(rpm) or number of full strokes required for a machining operation if all 
the other values in (be formulas are known. In many cases, special cutting 
speed charts are employed to determine the rotational speeds. 


1-4. Gearing Diagrams of Machine Tools 

The working motions arc transmitted by some means to the operative 
units (spindle, slide, table, etc.) of the machine tool. 

The source of motion in most modern machine tools is a three-phase 
induction motor Motion is transmitted to the operative units by means 
of kinematic chains consisting of separate links, each being a kinematic 
couple. Kinematic chains also serve to change the speeds and direction 
of motion of the operative units, to co-ordinate the motions of various units 
of the machine tool, to convert one type of motion into another, for example 
rotary into reciprocal motion (or vice versa), to summate motions, etc. In the 
general case, the kinematic chain of a machine tool consists of a number 
of transmissions— belt drives, toothed gearing, worm gearing, etc.— arranged 
in a definite sequence. 

The conventional representation of the kinematic chains of a machine 
tool in a single plane (that of the drawing) is called its kinematic or gearing 
diagram. Graphical symbols for the diagrammatic representation of the 
principal elements of kinematic chains have been standardized by USSR 
Std GOST 3462-61 and are given in Table 2. In addition to the conventional 
representation of the transmissions or drives, a gearing diagram also indi- 
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CLASSIFICATION AND IDENTIFICATION CODE OP MACHINE TOOLS 


TABLE 2 


Description 


Symbol 


Description 


Symbol 


Shafts 

Shafts couplings: 
Closed 

Closed with over- 
load protection 

Flexible 

Universal 



a 


Single-direction 

thrust 

Two-direction 

thrust 

Antifriction bear- 
ings: 

Radial 

Single angular- 
contact 

Duplex angular- 
contact 



Telescopic 

Floating 

Toothed 

Parts mounted on 
shafts; 

Freely mounted 


— IS>i — 



— EEE3— 


Sliding on feather 

Engaged with 
sliding key 



Fixed 

Plain hearings; 
Radial 



Belt drives: 



Open flat belts 


Crossed flat belts 


V-belts 



Chain drive 


li 
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CLASSIFICATION AND IDENTIFICATION CODE OP MACHINE TOOLS 


TABLE 2 (continued^ 


Description 

Spindle noses: 
Centre type 

Chuck type . 

Bar typo 


Symbol 


Description 


~C3> 


Milling 


-E 

-c8 


Grinding 
Electric motors: 
On feet 


Symbol . 







Drilling 


Boring spindles 
with faceplates 




Flange-mounted 





wheels and their modules, 
e number of starts of worms, pitches of lead screws, diameters of nullevs 

?ool*'ivTcrmMSs'’ thp r'* diagrams of machfne 

001 service manuals, the transmissions can be numbered and all uprp^^nrv 

da a concerning them can be listed separately ira table ^ 

trical devLTs fm^TuSal? pneumatic and elec- 

gL'rSngTilrrarlMrfm?^^^^^^^ 


1-5. The Transmission Ratio of a Drive 

is Urn %r' r™' dm 

ol U.0 drivsn shaft to the S i’ rL of S a 

rpm, of the driving shaft. Thus 


f ^dn 

■iiF 
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It follows that for a belt drive • • ‘ 

^dtl 

where d^f and are the diameters of the driving and driven pulleys, 
respectively, while for toothed gearing 


where z^f and are the numbers of teeth on the driving and driven gears, 
respectively, and for worm gearing 



where k =* number of threads (starts) on the worm 
2 = number of teeth on the worm wheel. 

If a number of drives are arranged consecutively, their total transmission 
ratio will be 

i X lA X ia . . . 

where t2, • arc the transmission ratios of the separate drives. 

Drives that convert rotary motion into rectilinear motion are character- 
ized by the travel of the element moving in a straight line per revolution 
of the driving shaft. In the case of a power screw, this travel (of either the 
screw or nut) is equal to the lead of the screw: 

H =kt 

where t = pitch of the screw 

k = number of threads (starts) on the screw. 

The characteristic of a rack-and-pinion drive is the travel of the rack per 
revolution of the driving pinion. Thus 
I = ^mz 

where z = number of teeth on the pinion 
m = module of the gearing. 



CHAPTER 2 

METAI^CUTTING LATHES 


Metal-cutting lathes constitute a considerable part of the metal-cutting 
equipment being used in industry. They comprise nine types of machine 
tools (see Table 1) differing in purpose, field of application, processing 


Section A- A 


Viey/ facing 
arrow C 


Section A-A 



Section B-B 




mi 


pMBjg gl 


cx.j=ci, 


Fig. 3. Principal types of lathe tools: 


Q- a. Section 


yjL latuu loois: 

<c) cut-o!f id)' 'broad-nosl:'*^fm[shTn”e \o'on {e} strailht'tn^n straight-turning tool ' 

uisi.ujt, ‘°o‘|jjW^stp»Bht-tuming finishing tool; (/) right-hand 
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capacities, construction arrangement, degree of automaticity and certain 
other features. The machine tools of each type may differ in size and con- 
struction. 

The main purposes of the machine tools of the lathe group are to machine 
external, internal and face surfaces on solids of revolution, and also to cut 
threads. 

Lathes employ single-point tools of various types {Fig. 3) for turning 
operations; drills, core drills and reamers for making holes; and taps and 
dies for cutting threads. 


2-1. Engine Lathes 

Engine lathes (Fig. 4) arc the most versatile machines of the lathe group. 
They serve for machining workpieces bounded by surfaces of revolution 
and for cutting threads. Their chief application is in piece and small-lot 
production, and for repair work. 

Table 3 indicates the grade of accuracy and class oi surface finish (accord- 
ing to USSR standards) that are attainable in various machining operations 
performed on onginc lathes. 

TABLE 3 



Grade or eccur.icy 


Machlnlr? operation 

1 limits 

mean wo- ■ 

nomicalW I 

feasible 

class, USSR 

St Std GOST 

External turning: 

1 4-7 



rough 


5 

3-4 

finish 

3a-4 

4 

5-7 

high-accuracy 

2a-3a 

3 

5-7 

precision 

!-2a 

2 

7-9 

Boring 




rough 

4-6 

5 

3-4 

finish ! 

3-4 

4 

6-7 

precision 

1-2 

2 

8-9 

Drilling 

4-7 

5 

3-5 

Cote drilling, counterbor- 1 
ing, countersinking, 



3-6 

spotfacing 

4-7 

5 

Beaming- 



5-7 

rough 

2a-3a 


fiflisli {precision) 

l-2a 

“ 
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2-3. Oimsisional Data for Engine Lathes 

The main dimension of an engine lathe and indication of its capacity 
is the maximum diameter D {Fig. 5) of work accommodated over the bed* 
The clearanco between the horizontal surface of the hod ways and the di- 
ameter i) of the work should not exceed 0.04Z). Diameter D is approximately 
twice the height of centres. 



Fig. 5. Klaio dimcDsIODs of an engine lathe 

USSR Std GOST 440-57 stipulates a scries of engine lathe sizes in which D 
varies from 100 to 6,300 mm in a geometrical progression with a ratio of 
9 s= 1.26 (the values being rounded oB only slightly). 

Another important dimension of a lathe Is the distance between centres, 
as it determines the maximum length of workpiece that can be machined. 
It is measured with the tailstock shifted to its extreme right-hand position 
(but not overhanging the bed ways). Lathes with the same maximum work- 
piece diameter may have different distances between centres within the 
limits stipulated by the standard. For example, lathes with a maximum 
workpiece diameter of 400 mm are available with between-centres distances 
of 700, 1,000 and 1,400 mm. The maximum between-centres distance is not 
stipulated by the standard for the majority of heavy-duty lathes. 

The third important dimension of a lathe is the maximum diameter of 
workpiece accommodated over the carriage (Fig. 5). On lathes made in the 
USSR it must not be less than stipulated in the standard mentioned above. 

In addition to these chief dimensions, USSR Std GOST 440-57 also 
establishes the maximum spindle speed, bar capacity (maximum diameter 

• This value is called the sw’ing in the USA; one half of this value, i.e., the maximum 
radius of the work, is called the swing in Great Britain. 
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of bar stock passing through the. hole in the spindle), size of the centre ac- 
commodated in the spindle (Morse or metric taper), maximum height 
of the tool, and maximum permissible net weight of the lathe (less that of 
the electrical equipment). 


2-4. Type and Size Range of Engine Lathes 

The machine tool industry of the USSR manufactures engine lathes in 
which the maximum diameter of workpiece accommodated ranges from 

160 to 1,250 mm, and the maximum distance between centres is up to 
12,500 mm. 

The principal dimensional data of lot-produced Soviet engine lathes 
of standard accuracy are listed in Table 4. 

, • Soviet Union are lathes of above-standard (class U), 

lug 1 (class B) and precision (class A) accuracy and of special design, as well 
as laUies manufactured to the same drawings as certain standard-accuracy 
n to higher accuracy. Small lathes, up to Z) - 250 mm, are pro- 
duced in the n, B and A accuracy classes. 

general-purpose engine lathes as the basic models, lathes with 
are also being manufactured. These include 
tracer-controlled slides and operating to an automatic 
oiking cj'-cle in machining work of the stepped shaft type lathes with 

bMirfntoTn^ut^m^a^^^^ numerical controls. Certain models^ can be readily 
nmit into an automatic transfer machine and their design incornorates 
automatic speed changing during the course of operatiom 


2-5. Main Drives of Engine Lathes 

The electric motor mounted on a marhina ■ 
whole train of transmissions from tho ^ f tool, m conjunction with the 
main drive. The construction of iti<. spindle, is called the 

with the purpose aad shfoTthe '’‘i"’? aocordance 

(a) trausmit the power aud toZ. " case it must: 

(b) provide for engao-ement diselno-ao- cutting process; 

tion; ’ isen^a^ement and reversal of spindle rota- 

availablo speel^^^ accurate and smooth rotation of the spindle at all the 

of the engine'lSfe may is to be obtained, the main drive 

jO a multiple-speed induction motor 
(b) a combination of a sinnln nr ’u- i 
a steppcd-type mechanical speed uenrW induction motor with 

i gearbox or, rarely, with cone pulleys. 
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TABLE 4 


Model 

MaxltnunJ workpiece di- 
ameter X distance between 
centres, mm 

Speeds of 
mam drire. 

Available 
power, kW 

Net weight, 
kg approx. 

16B11 

250x350 (710) 

25 to 2,500 

3.9/2.3 

1,000(1,150) 

1651C 

320X500(710; 1,000) 

20 to 2,000 

6.6/4. i 

1,500(1,600; 

1,800) 

16B20 

400x710(1,000, 1,400) 

16 to 1,600 

6.6/4. 1 

2,100 (2,200; 
2,400) - 

16B25 

500x1.000(1,400; 2,000) 

12 to 1,250 

8. 5/6. 8 

2,700(3,000; 

3,300) 

16B30 

630x1.400 (2,800) 

8 to 1,000 

13 

4,300 (5,500) 

16B40 

800x2,000(2,800; 4,000) 

C.3_to 800 

17 

8,400 (9,000, 
10,200) 

16B50 

1000 X 2,800 (4,000, 5.000) 

4. to 500 

22 

11,500 (13,800; 
15,000) 

IGECO 

1,250 X 0,300 (maxitnum 
pcnnissiblo tvcigbt o( 
workpiece — 12,500 kg) 

2.5 to 315 

30 

23,000 

1A665 

1,600x8,000 (maximum 
permissible weight ol 
w orkpiece —40,000 kg] 

1.6 to 200 

1 

75 

52,000 

lADCC 

2,000X10,000 (maximum 1.2S to ICO 
permissible weight o( 
workpiece— 40,000 kg) 

75 

C3,000 

1A6C7 

2,500x12,500 (maximum 1.28 to 160 
permissible weight ol 
workpiece — 40,000 kg) 

75 

70,000 

1A672 

3,200x16,000 (maximum 0 90 to 120 
permissible weight ol 
workpiece — 63,000 kg) 

100 

120,000 

1ACS5 

4,000 x 20,000 (maximum 0.5 to 62 
permissible weight of 
workpiece — 23,000 kg) 

ICO 

360,000 

1AG8G 

5,000x20,000 (maximum 0.5 to 02 
permissible weight of 
w orkpiece — 25,000 kg) 

ICO 

400,000 

1A687 

6,300 x 20,000 (maximum 0.5 to 02 
permissible weight of 
workpiece — 25,000 kg) 

ICO 

420,000 
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Infinitely variable spindle speeds can be obtained by employing: 

(b) a me”hanical?peed-clianging device or variable-speed drive (infinitely 


''^(c)^\^\ombination of a variable-speed d-c motor or variable-speed drive 
with a stepped-type mechanical speed gearbox, or a variable-speed drive 
with a multiple-speed a-c induction motor. 


2-S. Construction of the Main Drive 
in Engine Lathes 


The great majority of up-to-date medium-size lathes have as their main 
dri ve a three-phase single- or, much less frequently, multiple-speed induc- 
tion motor in conjunction with a stepped-type mechanical speed gearbox. 

The model 1K62 lathe can serve as an example of a main drive in which 
the speed gearbox is housed in the headstock. The gearing diagram of this 
lathe is shown in Fig. 6 and a development through the speed gearbox 
shafts is shown in Fig. 7. The speed gearbox is driven through V-belts from 
a single-speed motor housed in the left leg of the bed. Shaft I carries twin 
friction clutch Ci for engaging and disengaging forward and reverse rotation 
of the spindle. Shaft 11 is reversed due to the transmission of motion through 
the idler cluster gear (24T and 36T). By shifting the sliding cluster gears 
CGj and CG^ along shafts JI and III, six different forward speeds and three 
higher reverse speeds are transmitted to shaft III. Cluster gears CG\ and 
CGz are controlled from a single handle 1 (Fig. 7) brought out on the front 
of the headstock. 

Power can be transmitted from shaft III to the spindle along either of two 
gear trains: 

(a) if the double cluster gear CG^ is shifted to the left, power is transmitted 
directly to the spindle through the overdrive (65 : 43) so that the six higher 
speeds (from 630 to 2,000 rpm) are obtained; 

(b) if the double cluster gear CG^ is shifted to the right, power is transmit- 
ted to the spindle through the countergearing (cluster gear CGi ^ — shaft 
/F-— cluster gear CGg —shaft V), providing for four gear train combinations 
with gearing ratios of 1 : 1, 1 : 4, 1 : 4 and 1 : 16. It is evident that two 
of these combinations coincide. Thus, through the countergearing, the 
spindle obtains the three lower speed ranges (200 to 630, 50 to 160 and 12.5 
to 40 rpm), each consisting of six speed steps. One speed (630 rpm) is ob- 
tained twee, once in direct engagement with the spindle and once with en- 
gagement through the countergearing. Therefore, only 23 different spindle 
speeds are available. Cluster gears CG3, CG^ and CG^ are also controlled 
from a single lever 4 (Fig. 7). Mounted on shaft III is a brake whose appli- 




Gearing diagram of tlio model 1KC2 engine lallio 





Fig. 8. Engine latfae, model 1A616 


cation and release are interlocked with the mechanism for (engaging 
clutch Cl. 

In the model 1A616 lathe (Fig. 8), the speed gearbox is arranged in a sepa- 
rate housing which is located in the left leg of the bed. The output shaft 
of the gearbox is linked to the drive shaft of the headstock through V-belts. 
This is known as a separate drive. It provides smoother spindle rotation 
and is frequently found in precision machine tools 

The speed gearbox is powered through V-faelts from a separate motor 
mounted on a bracket at the rear of the left leg of the bed. The belt tension 
is adjusted by moving the motor along the plate on which it is mounted. 
Shifting four cluster gears CGn CG^t CG^ and CG* (Fig. 9) by means of two 

3 * 
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levers 1 (Fig. 8 ) into various combinations of engagement provides 12 difTer- 
ent speeds on the output shaft /V. V-belts transmit rotation further to the 
headstock driving pulley which is mounted on antifriction bearings so as 
to relieve the driving shaft of bending stresses due to belt tension. The head- 
stock contains countergearing with a ratio t = 1 : 8. The belts are tensioned 
by vertical adjustment of the speed gearbox. 

Rotation may bo transmitted to the spindle along either of two gear 
trains: 

(a) short train— the spindle obtains 12 high speeds (90 to 2,240 rpm) direct- 
ly from pulley shaft V when clutch Cj is engaged and countergearing CG^ is 
disengaged; 

(b) long train— the spindle obtains 12 low speeds (11.2 to 280 rpm) through 
countergearing CGs when clutch Cf is disengaged. 

Three spindle speeds, obtained w'ilh the countergearing engaged, coincide 
with corresponding speeds obtained when the countergearing is disengaged. 
Consequently, only 21 different spindle speeds (instead of 24) are available. 
The engagement and disengagement of countergearing CG^ and clutch Cj 
arc interlocked and arc controlled from a single lever 2 (Fig. 8). No main 
friction clutch has been provided in this model and the spindle is started, 
reversed and braked by means of the drive motor. 

Various frictional variable-speed drives have found application in me- 
dium- and small-size engine lathes to provide infinitely variable spindle 
speeds. The main drive of the model 1M620 engine lathe (Fig. 10) 
Incorporates a frictional variable-speed drive, invented by Svetozarov and 
developed in TSNIITMASH*, which operates in conjunction with a stepped- 
type speed gearbox in the headstock**. A drive of this construction enables 
stepless spindle speeds to be obtained in a range from 12 to 3,000 rpm. The 
frictional speed-changing drive itself provides an infinitely variable speed 
range from 750 to 3,000 rpm on its output shaft. Various engagements of the 
sliding cluster gears CGt, CGz and CG 3 enable the following four stepless 
spindle speed ranges to be obtained; 12 to 47, 47 to 190, 190 to 750 and 750 
to 3,000 rpm. An auxiliary 1-kW motor is used to control the variable-speed 
drive. Spindle rotation is reversed with the aid of clutch Cj and sliding 
gears SG^ and SGs,. 

In smaller lathes the infinitely variable drive may consist of a frictional 
speed-changing device alone, without the slepped-type speed gearbox. 

Heavy-duty engine lathes are designed, as a rule, with infinitely variable 
spindle speeds as this enables their production capacity to be substantially 
increased. Mechanical speed-changing drives do not prove suitable for this 


•Central Research Institute of the Heavy Engineering Industries (USSR) 

**A wido-bclt variable-speed drive with spreading sheaves vas installed on certain 
lathes of this model. 
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Fig. 11. A motor^gencrator-motor setup for obtaining stepless spindle speeds 


purpose however, and electrical systems are resorted to to obtain stepless 
drive motor speeds. The latter arc used in combination with a stepped-typo 
mechanical speed gearbox. 

The most c.xtensively used electrical system for obtaining stepless speeds 
in heavy-duty lathes is the motor-generalor-motor setup which 

is also known as the Ward-Leonard, or adjustable-potential, system (Fig. 11). 
It comprises four electrical machines: a-c induction motor IM which drives 
d-c generator G and exciter E (low-power d-c generator), and the d-c drive 
motor DM of the lathe. The speed of motor DM is varied by changing tho 
resistances Rg and R^ in the field windings FWG and FWM of the generator 
and drive motor, respectively, w'hich are supplied with direct current from 
exciter E. The range of speed adjustment of such a system may be as high 
as 10- or even 15-fold. It should be noted that motor IM and generator G 
must have a power rating not less than that of the drive motor DM. Thus, 
the cost of an M-G-M system is 7 or 8 times that of a single a-c motor. 

Table 4 lists the principal data concerning the main drives of Soviet 
engine lathes. 


2-7. Feed Drives of Engine Lathes 

The purpose of the feed gear train in an engine lathe is to provide power 
travel of the cutting tool, clamped on the carriage, relative to the rotating 
work in turning operations and in cutting threads. 

The source of motion (initial link) of the feed gear train is the spindle, 
and for this reason the feed in engine lathes is measured and specified in 
millimetres per spindle revolution (mm per rev). 

The feed mechanism should provide for: feed engagement and disengage- 
ment without stopping spindle rotation; reversal of the feed with the 
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spindle continuing to rotate in the previous 
direction; reversal of both the feed and direc- 
tion of spindle rotation simultaneously; 
changing the rate of feed in a substantial 
range; and traversing the tool by hand in 
reference to the work. 

In the model 1K62 lathe (see Fig. 6), the 
feed gear train (shaft VII) is driven either 
directly from the spindle (cluster gear CG^ 
is shifted to the left) or through the counter- 
gearing of the main drive gear train (cluster 
Fig. 12. Change-gear quadrant ^^6 is shifted to the right and its gear 457 

meshes with gear 457 on shaft III). In the 
latter case, depending upon the positions of 

1 f. rrr cluster gears and CG^ of the counter- 

gearing, shaft III may rotate at a speed 2, 8 or 32 times that of the spindle. 

gears) CG, and CG, in the main drive gear train, 

feed uni runTf f e in the feed gear train as a coars^ 

of feed). ^ multiplying the pitches of threads being cut or the rates 

which Sms on shaft 77// is the reversing unit 

This cluster uear is rnnfrl reversing drives in its three positions, 

inis Cluster gear is controlled from knob 3 (see Fiu. 71 ^ 

nn^ positions to which cluster gears CG CC rn rn a-nri 

spt„d?e“at\pe d*:"’ Tl T f equa1‘’t„ tht 

gears C/™and CTTls^'pig *6? ?f“the 'ouT'^ feed gearbox tbrough change 
a quadrant consists of four diange gears^l'^R^'r 

proper 2 (Fig. 12) with two slots ^nno i i’ ^ quadrant 

circular. ' W ^eing radial and the other (7) 

to be rigidly clampcd^bTnut StuTs "on '' ^ °f file shaft and 

(or two separate change gears kevod on S^ar B and C 
bo adjusted along the radial slot 4 and ^ hushing) freely rotates, can 
'vithnutS.ThesJivelof thfcldrant al" ,™’’!!’ “ '"^““ed position 

four change gears with various numbers nf t ® ^^^^^ment of the stud enable 
pairs. Change gears =427 and CTT — mesh in two 
rant of the model 1K62 lathe to obtain inn~P^T^ are installed on the quad- 
and English threads. To cut module metric 

change gears CH, = 647 and ^^rm threads, 

intermediate gear 957 is mounted on^Le ?tud 'nf 

tue siuu ot the quadrant. 
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The quick-change feed gearbox contains a number of toothed (gear) 
clutches, sliding gears and cluster gears, as well as the speed-changing device 
consisting of a gear cone rigidly mounted on shaft X and a tumbler cluster 
gear CG^ which can be shifted axially along shaft XI and swung into mesh 
with one of the gears of the cone. In cutting threads the feed gearbox trans- 
mits rotation to the lead screw XV\ in turning operations and in cutting 
scrolls rotation is transmitted to the feed rod XVI. The use of the feed rod 
to obtain feeds in turning operations enables the accuracy of the lead screw, 
required in cutting threads, to be retained over a longer period of 
service. 

A series of consecutive feed rales or thread pitches is obtained when 
tumbler gear CGq is shifted from gear to gear of the gear cone, and these 
feeds and pitches are increased 2-, 4- and 8-fold by shifting cluster gears 
CGxx and CG 12 . Tumbler gear CG^ and cluster gears CGn and CG ,2 are con- 
trolled from a single star wheel. The feed gear train is switched over to 
thread cutting of various types (metric, English, module worm and dia- 
metral pitch worm) or to feed from the feed rod by the corresponding enga- 
gements of clutches C 2 , Cz, C* and sliding gear G^ and cluster gear CG,o 
which are controlled from a handle. 

The carnage (Fig. 13) is the final element of the feed gear train and serves 
to clamp the tool and to transmit to it the feed motion in reference to the 
rotating work. It is composed of four mam parts: saddle I which travels 
on the bed ways along the axis of the work; cross slide 2 which travels along 
ways on the saddle in a direction square to the work axis; swivel hose 4 with 
ways alon^which compound rest 3 travels. The saddle and cross slide can 
be fed both manually and by power. The swivel base 4 can be set at an angle 
to the line of centres of the lathe and clamped with bolts whose heads enter 
an annular T-slot in the cross slide; this feature is chiefly used in turning 
tapers (see Sec. 2-10). The compound rest is fed only by hand. The dials 
mounted on the feed screws have scales which enable tool travel distances 
to be read off with sufficient accuracy for all ordinary purposes. 

As a rule, heavy-duty engine lathes have several carriages. 

The apron (Fig. 14) converts rotary motion of the lead screw or feed rod 
into travel of the carriage along the bed ways together with the apron which 
is rigidly secured to the saddle. The rotation of the feed rod is also used to 
effect power traverse of the cross slide. 

Power traverse through the lead screw (for thread cutting) is engaged 
by closing the half-nuts (Fig. 15). As the name implies, this is a split nut 
consisting of two halves 1 and 2 which can move along guides in the apron. 
By turning lever 4 on the front of the apron, the half-nuts can be either 
brought together or spread apart, thereby closing them over the lead screw 
or releasing it. The half-nuts are actuated by a disk 5 with shaped slots for 
pins 3 press-fitted into the half-nuts. 
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Fig. 13. Carriage of the model 1KG2 engine lathe 


Rotation is transmitted from the feed rod through gear 21 T (see Fig. 6), 
sliding along the rod, to the worm gearing of the apron. Depending upon 
which of the claw clutches Co, C7, Cg or is engaged, rotation is transmitted 
further from the worm wheel either to the rack pinion lOr to obtain the 
longitudinal feeds, or to the gear 207’ mounted on the feed screw XXI of the 
cross slide to obtain power cross feeds. In the model 1K62 lathe all of these 
clutches are engaged by a single lever (Fig. 16) and the direction in which 
the lever is shifted coincides with the direction of tool feed. The carriage 
is traversed longitudinally by hand by turning the handwheel on shaft XXII 
with the lever for engaging power feed in its neutral (middle) position. 
The apron contains a device which prevents simultaneous engagement 
through both the lead screw and feed rod since such a conflicting engagement 
would lead to breakage of the mechanism. 

A safety jaw clutch C^ (see Fig. 6) is mounted on the worm shaft. It pro- 
tects the feed gear train against overloads, and is also used in turning to 
a positive stop (see Sec. 2-12). The spring of this clutch is adjusted so that 
the clutch can transmit a definite torque. If the torque exceeds the permis- 
sil)lc value the clutch begins to slip with a clicking noise. 




Fig. 14 Apron of an engine lathe 
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The reduction of the time required for handling motions is an important 
possibility of increasing the production capacity of machine tools. For this 
reason, most up-to-date machine tools are equipped with mechanisms for 
rapid idle traverse of the cutting tool. A separate 1-kW motor, mounted for 
this purpose on the right end of the bed in the model 1K02 lathe (Fig. 17), 
is linked to the feed rod through a V-belt drive. A single-direction overrun- 
ning clutch Co in the feed gearbox enables the feed rod to be driven either 
from the feed gearbox or from the rapid traverse motor. 

The overrunning clutch (Fig. 18) consists of shell 2, inner member 1, 
rollers 3 and springs 4 which push the rollers into the jamming position. 
This type of overrunning clutch can transmit a torque when the rollers are 
jammed in one direction only. 

In the feed gearbox the shell of the overrunning clutch is rigidly secured 
to the cluster gear 567* (see Fig. 6) and the inner member— to the feed rod 
XVI. When the rapid traverse motor is not switched on, rotation is transmit- 
ted to the feed rod from the feed gearbox. When this motor is switched on 
the inner member rotates in the same direction as the shell but at a higher 
speed, disengaging the clutch and permitting the feed rod to overrun its 
drive from the feed gearbox and providing for a rapid traverse motion of 
the tool. As soon as the motor is switched oQ the working feed gear train 
is automatically rc-cstablishcd. The rapid traverse motor is switched on by 
pressing the button B (see Fig. 16) in the ball end of the lever for engaging 
power feeds. The rapid traverse mechanism provides for rapid longitudinal 
traverse at a speed of 3.4 m per min and cross traverse at 1.7 m per min. 

In heavy-duty engine lathes having several carriages, rapid longitudinal 
and cross traverse motions are powered by separate motors mounted on each 
carriage. 


2-8. Tailsiock 

The main purpose of a tailstock on an engine lathe is to support long 
work during operation. It is also used to clamp tools for making holes 
(twist drills, core drills and reamers) and for cutting threads (taps and 
dies). 

The principal parts of a tailsiock (Fig 19) are: spindle 1, body 2, base 12 
and strap clamp 11. Tailstock spindle 1 can be moved in or out of the body 
by means of screw 4, nut 5 and handwheel 8; it can be clamped at any posi- 
tion by binding member 9 which is pulled up tight by lever 3. With the 
aid of setting screw 10, body 2 can be offset crosswise in reference to base 12 
along its guide key The tailstock is clamped on the bed by the action of 
strap clamp 11 which is operated by strap 14. The latter is actuated by 
lever 7, eccentric shaft 6 and link 13. 
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II 

Fig. 19. Tailstock of an engine lathe 


On heavy-duty engine lathes the tailstock is moved along the bed ways 
by power, the drive being from a separate motor. This considerably reduces 
the handling time required to adjust the tailstock, as well as operator’s 
fatigue. 


2-9. Holding the Work and the Tools 
in Engine Lathes 


Depending upon the shape of the work and its length, it can be held in 
a chuck, between centres, on a faceplate or on a mandrel. 

The most comnionly employed method of holding work is to clamp it in 
a chuck alone (Fig 20a) if it is short enough, or to support the free end with 
the dead (tailstock) centre (Fig. 20&) if its length is considerable in relation 
to its diameter. Chucks may be universal, or self-centring, usually of three- 
]aw design, in which the jaws move together towards the centre in clamping 
the work; or they may be independent (usually of four-jaw design) in which 

the others. The latter type of chucks is 

o\ thfnnivnr.^'.f nonsymmetrical workpieces, 

i'wst of the uimcrsal three-jaw chucks are of the scroll type (Fiff 21a) 

n 1 e foVEfrik Proje'etTons or teeth 

form of a lack on the bottom of jaws 1 engage the threads of the scroll. 














The chuck jaws close simultaneously and clamp the work when bevel gear 4 
is rotated by bevel pinion S. The latter has a square socket to accommodate 
the chuck wench. An independent four-jaw chuck {Fig. 216) consists of the 
body 1 with slots along which each of the four jaws 2 is moved by its own 
screw 4 independently of the other jaws. Alter clamping the work the jaws 
arc locked to the chuck body by the clamping bolts 3. 

Spring collet chucks are used on small lathes m turning bar stock (see 
Part Si.v in Vol. 

Long work of the shaft type, having centre holes in its ends, can be mount- 
ed between centres (Fig. 20c) inserted into the taper holes of the headstock 
and tailstock spindles. The type of centre (Fig. 22) to be used depends upon 
the machining operation being done. 

In ordinary straight-turning operations the type a centre is employed; 
if the end of the work is to be faced, a half-centre, type 6, is used. A ball- 
ended centre, type c, proves the most efficient in turning long tapers (see 
Sec. 2-10). The points of centres can be hard faced with cemented carbide 
to increase their wear resistance. Ball and roller bearing centres (Fig. 23) 
can be efficiently used for high work speeds. The work is driven by the stud 
of a dog plate (Fig. 24) screwed onto the spindle nose and a lathe dog (Fig. 20c) 
clamped on the work with a screw. 
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Fig. 2G. Square turret 


Rests (Fig. 25), supplementarj’^ inter- 
mediate supports, are used in turning 
long slender work to prevent it from 
being bent by the action of the cutting 
forces. A steady rest (Fig, 25fl) is 
clamped in the required position on 
the bed by base clamp 1 and bolt 2. 
Then the work is centred by means of 
adjustable jaws 3. The jaws are locked 
fay screws. A follower rest (Fig. 256) 
is mounted on the lathe saddle and 
travels together with the carriage. 
It is usually set just after the cutting 
tool so that it supports the work where 
the cutting force is applied and pre- 
vents springing of the work. 

Work having a hole as the locating 
/p;- 1-1 • 1 11 - datum can be machined on a mandrel 

the^iio^k mounted between centres. If 

(Fic 20/1 is used Snrli ° tolerances a solid (slow-taper) mandrel 

[Mg. is used. Such mandrels are forced into the work with a hand nrp«:s 
tind tli6 work is liold by friction aloiip Tf tbo 4. • * P 

parativelv snnll nTicm^n ^ qmim. It the hole diameter varies in a com- 

S. er o£ tUs Sdrpi 2°?) The outside 

Ihraroftu'oSTSlal : sleeve ^ vdth 

sleeve has internal tapered and external lyliSS sSS; 

Large workpieces Avhich cannot be clamnpd in a ^ , . 

a faceplate where thev are held bv clamor M i mounted in 

SSplat?, ” apetl hS“‘e e7atped‘’o.': the^ 

(Fig. 26) that can hold^fou? lool™’at''one'S “ d°°* ’’f’f “ “ 
into operation consecutivelv witli a m- • enables them to be put 

he indexed through 90° and reclamoTirT ^he turret can 

lover 2. When the lever is turned in^dii. position with a single 

the turret and then tooth 4 engacres oiie^of?]!^ ^ releases 

doxes the turret. Locking pin Ip'roner I Ini ^ spring-loaded pins 5 and in- 
M hen lover 2 is turned in the other tiuret in each position, 

on the tool slide and the tooth of the rmt ^ Wrret is reclamped 
prqianng the turret for the next indevinn-^ thereby 

same manner as they are held in the spindle^lf failstock spindle in the 
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2-10. Setting Up an Engine Lathe for Various Jobs 

Setting up is done to prepare a machine tool for performing a definite 
operation or job. For the purposes of this text, setting up will be divided 
into tooling and adjustment. 

Tooling, in the sense accepted here, consists in properly mounting and 
clamping the cutting tools in the corresponding fixtures and attachments 
on the machine tool, in setting up and clamping the work directly in the 
machine tool or in a fixture, in lubricating the machine before starting 
operation, in arranging the facilities for delivering the cutting fluid to the 
working zone, and in performing certain other preparatory operations. 

Adjustments, insofar as they concern setting up, consist in preparing the 
machine tool kinematically to perform the machining operation in accord- 
ance with the selected or specified cutting speeds and feeds. For this 
purpose, adjustments are made in the kinematic chains of the machine tool, 
setting the control devices of the main drive speeds and the rates of feed 
to the required positions. It is often necessary to calculate the gearing ratios 
of the gear trains that are to be adjusted and then to obtain these ratios 
with the aid of speed and feed gcarbo.x levers, by switching over a multiple- 
speed motor, adjusting the speed of a variable-speed motor, installing the 
required change gears, interchangeable cams, templates, etc. 

In the general case, to set up an engine lathe it will be necessary to deter- 
mine by calculations: the required transmission ratio of the unit for setting 
up the speed gear train to obtain the given spindle speed, and required ratio 
of the unit for setting up the feed gear train to obtain the given feed or given 
pitch of threads being cut {see below) 

No calculations whatsoever arc needed in setting up (adjusting) the speed 
gear train of a modern engine lathe. This can be done by simply shifting 
the speed gearbox levers (for example, 1 and 4 in Fig. 7) to the positions 
corresponding to the required spindle speed. Time is saved by providing 
a speed index plate on the lathe indicating the lever positions for each spindle 
speed. If spindle speeds are infinitely variable, the actual spindle speed 
at any time is indicated by the hand of an instrument with a scale graduated 
in spindle rpm. 

In lathe operations the feed motion is transmitted by the feed rod to the 
carriage saddle or cross slide. The required feed per spindle revolution 
is obtained by shifting levers \sithout any calculations being needed. All 
the available feed values have been calculated beforehand and are provided 
in the form of tables which facilitate setting up the required rate The feed 
mechanism, for e.xample, of the model iK62 lathe provides 42 different 
longitudinal feeds in a range from 0.07 to 4.16 mm per revolution, and the 
same number of cross feeds in a range from 0.035 to 2.08 mm per spindle 
revolution. 



METAL-GlJTTfNa LATf I KS 


,yj. 


TAJJLK 5 


Ojiorn lions 

Qiindrnnt cli.'inj'o 

Clulcli cii(/a(;cmctU.s (sec Fig, fl) 

^2 

Cs 

Ci 

Cc 

Gb 

Tiiniing and horiiig 
CiiUiag t,liruad.s; 

Metric tiiroads 

Knglisli thvouds 

Modulo woi'in tiiroads 
Diainotral iiilcli worm 
tiiroads 

Any tiiroads, liy-j)a.s,s- 
iiig llio food goar- 
box 

/i2 ; 50 -j- -j- 

-52 ; 50 -1- _j- 

d2;.50 -j- -j- _j- 

0/5 : 97 q- .|. 

0-i : 07 -1- -j- ^ 

Dclormincd liy _|_ 

calculation 


III culiiiig threads two sottiiig-up units are omployod: tlie auick-change 
food gearbox and the change-gear quadrant. Changes Le madeln the lattlr 
only wlien a different type of threads is to lie cut (TaJile 5) The chann-e frmrs 

;t :r r'liv '.o.'iair;':,"™ ^ 

can ho cut by slnfting tlio cluster gears of the feed gcarliox and installing 
M !,T'yu"'l±MKrilw TLo Mlowing threads o n ho 

Ho th' .ads 1 to Ti%rr- 

(throads per incli); loodole worm threads will, ^ module from 0 5 to“3^mm' 
an, wer.n llii-eads wU,]. a .liainetral pitch |)0 t„ 7 

1 breads with larger pitch can he cut if the co-n-c;o n.l i • it 
the spindle speed range from 12 .'S to dO rn n nf: 

52-5,1,1 in relation t,t the inlFcalld va , ,,''s L?;!” -’“f ‘'‘<= 

r.O to 1()0 rpm of the spindle. The thre-ul nile ' ^ 

wlmol while the coar.se pitch unit is oncmern i ^ 

'•'I'o thread-cutting geJir train of ^ O'^S- 7)- 

in Fig. 27 where the diamond-shaped syinhols ‘”^1^' schematically 
namely the change-gear qnadrant, feed gcnrlmv setting-np units, 

gi-aring ratios of and nispec ti vol v i o 

gear tram can also incorporate traiismis.sions w Ih 'n the feed 

latio of p, "^'tii a constant total gearing 

The setling-up units of the thread-em im, 

-and set up so tliat the longitudinal travnl calculated 

le carriage per spindle rovolu- 
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Fig. 27. Schematic diagram of the feed gear train in an engine lathe 


tion exactly coincides with the pitch* P of the thread to be cut. The equa- 
tion of kinematic balance, linking together the motions of the final links 
of the kinematic chain, can be UTiltcn as follows: 

1»P revpicpiqhh* ~ ^ {^) 


from which we obtain the formula for determining the required ratios for the 
setting-up units. Thus 


( 5 ) 


The pitch P of the thread to be cut and the pitch f of the lead screw should 
be specified Id the same uuits of measurement. 

Threads not provided for by the feed mechanism oi the lathe and threads 
with nonstandard pitches can be cut with a special set up of the change-gear 
quadrant, either with or without the use of the feed gearbox mechanism. 

First method. In cutting threads with a pilch fjob, provided for by the 
lathe feed mechanism, the change-gear quadrant, coarse thread unit and the 
feed gearbox have definite gearing ratios iq, ilp and 
Thus, formula (5) can be %\Titlen as 


(C) 


If it is necessary to cut a thread with a pitch Pt|^ that differs from P,cb 
then, without changing the value of f" and i?p, the gearing ratio t, of the 
change-gear quadrant must be altered Thus 




Pih 

ptu 


0 ) 


After dividing the members of equation (7) by those of equation (6) ^\c 
obtain the setting-up formula for cutting thread with the pitch Pth 

Pm 


•In cutting multiple-thread (multiple-start) ihread*!, the gear tram is set up to the 
lead of the thread which is equal to the product of the pitch and the nnmhpr of starts 
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Inch thread is specified not by the pitch P, but by the number of threads 
per inch n. Thus 

( 8 ) 

Module worm thread is specified by the module ?n in mm and its pitch is 

P = stm. mm (9) 

Diametral pitch worm thread is specified by the diametral pitch DP and 
Its pitch is 


25.4;r 

DP 


mm 


( 10 ) 

Jn. Table 5), the various equa- 

bov ian the change-gear quadrant, making use of the feed gear- 

uox, can be written as follows: ^ 


metric threads 

/ - Pih 
^ 50 

modulo worm threads 

i 

^ 97 «(„{, 


inch threads 

i _ 42 Utah 

50 Uih 

diametral pitch worm threads' 

. DPial 

97 DPi,t 


II, on = P 


PUsi 


S‘Cp 


fornmTLlor'lhrchmge '^r^in cuuTng'vari“uf setting-up 
metric threads 


ir 


Ptu 


Ptu<cp 

modulo worm threads 

7 


inch threads 
25.4 


lg~ 


pi hi 


cp 


pi ts^UPcp 

diametral pitch worm threads 
25 Az 


( 11 ) 


The gearing ratio, calculated from ib. • 

{ own as the ratio of the number of teeth nn formula, musti'be set 

on the change gears of the quadrant 
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(see Fig. 12) 



where A, B, C and D are the numbers of teeth on the change gears. 

Special tables are available to facilitate the selection of change gears 
to obtain a definite given gearing ratio. 

The following inequalities are used to check whether the selected change 
gears can be installed on the quadrant and will properly mesh: 

A + 5 > C -f (15 to 20) 

C + Z) > B + (15 to 20) 

These formulas ensure that gear B does not interfere ivuth shaft 5 and gear C 
with shaft 7. Depending upon the construction of the quadrant, it is also 
necessary that the sums of the numbers of teeth {A B) and {C -f D) 
€.\ceed a definite value as othenxise the pairs of gears cannot be meshed 
together. 

More accurate threads can be cut if the lead screw is linked directly to the 
last shaft of the change-gear quadrant since, in this case, all e.'ctra links 
(gears, clutches, etc.) are c.vcluded from the gear train. Such links may 
reduce the rigidity of the feed gear tram and lead to pitch errors in the thread 
being cut. 

Scrolls, having the form of an Archimedean spiral, are cut by power feed 
of the cross slide 2 (see Fig. 13) driven from the feed rod. 

To reverse the feed simultaneously with a reversal in spindle rotation, 
cluster gear CG 13 (see Fig. 6) is shifted to the left to mesh with gear 56r 
which is rigidly mounted on feed rod XVI. The change gears required to cut 
thread of the given pitch can be calculated by one of the formulas (II). 

In cutting multiple threads (a triple thread is shown in Fig. 28) the lead S 
of the thread (the pitch of the thread helix) is to be used in the setting-up 
formula (4) instead of the thread pitch P Thus 
S = kP 

where k is the number of starts. 

All the starts of a multiple thread can i»e cut by indexing the work through 
of a revolution in reference to the stationary tool to cut each successi%e 
start. ^This operation can be done, for example, with a special indexing 
faceplate (Fig. 29) comprising two parts. Member 1 is mounted on the 
spindle nose and member 2 with the driving stud 4 can be turned to the 
required position with respect to member 1 and clamped with T-bolts 3. 
An index mark is engraved on the cylindrical outside surface of the station- 
ary member and a scale on the adjustable member. This enables the angle 
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through which the work is indexed in reference to the stationary, spindle 
to be read off with sufficient accuracy for ordinary purposes. ■ % 

Indexing is carried out in the model 1K62 lathe by turning the spindle 
when the thread-cutting gear train is disconnected by shifting cluster gear 
CGe (Fig. 6) out of mesh and into the neutral position. The angle through 
which the spindle is indexed is read ofi on a scale engraved on its rear end. 
The spindle gear and the cluster gear with which it meshes have 60 teeth 
each so that they can be brought back into mesh when dividing a circum- 
ference into 2, 3, 4, 5, 6, 10, 12, 15, 20, 30 or 60 parts. 

Another method has been devised by lathe operator N. Smirnov for in- 
dexing in cutting multiple threads (Fig. 30). It consists in axial adjustment 
of the threading tool, the work being stationary, an amount equal to the 
pitch of the thread being cut. This is done by traversing the compound rest. 
Clamped in the square turret is dial indicator 2 whose contact point touches 
gauge block 1. By using two gauge blocks with a difference in size equal 
to the pitch, the tool can be accurately shifted from start to start. 

The use of a multiple-tool holder (Fig. 31) enables machining time to be 
reduced in cutting multiple thread because all the starts are cut simulta- 
neously. 


Two, three or more threading tools, spaced at distances equal to the thread 
pitch, are set up m the holder to a template gauge. 

High-velocity chasing of e.vternal or internal threads can be performed 
m an engine athe with special rotary tool heads running at high speed. 

S^mounTeVon thf f H ^ are clamped, 

s mtaterfi hil j relation to the work 3 and 

rotates at fsSlSaS))~ 

shaped chip and during tL remaiSS^laT^’ ^ comnia- 

This verv effectiveh^ mniQ iLc t ^ach revolution moves through air. 

considerably increased, thereby ^Lrerslnr^th^^ 

threads are chased bv this Tnofhm/i the output as well. Internal 

tool (Fig. 33), Using^such a tool holder with a threading 

to 6 mnfean be cut fn a single pist ‘Ifead with a pitch up 

TupGiccI surfcicGs BrG turiiGd in t lafVirt 
(1) setting over the tailstock, (2) swivellilfp- following methods: 
a taper-turning attachment, or (4) usinv^uln^?® compound rest, (3) using 
First method. The body of the 

equal to /i in reference to the base (Fip crosswise by an amount 

work mounted between centres msl-p. ^ V P^^^sequently, the axis of the 

makes a certain angle a with the direction 
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J 2 3 1 



ol longitudinal feed of the carriage. It follows from the diagram in Fig. 34 
that 


D~d 


L cos (I 


21 


D 


I 


is the taper of the surface to be turned. Therefore, the set- 


whero k- 

over of the tailstock to obtain a taper of k 


2 tan a is 


( 12 ) 

This method can be applied for turning surfaces with a relatively small 
taper (up to about 1 ; 4) and when the accuracy requirements are not partic- 
ularly high since the misaligned position of the centres in the centre holes 
leads to rapid wear of the latter and loss of locating accuracy. 

Second method. This procedure involves swivelling the compound rest 
through an angle a in reference to the line of centres of the lathe and feeding 
the tool either by hand or power (in heavy-duty lathes). This method is suit- 
able for turmng accurate internal and external tapers of a length limited 
by the travel of the compound rest. 

method requires that a special device called a taper 
tarning attachment be installed on the engine lathe. 

of n attachment is shown in Fig. 35. It consists 

iL 2 secured on brackets 1 which are bolted to the rear side of the 

hno of^Lmres oUhriath^^r •J'' reference to the 

linked to thrcrosVshd^^^^^ 

inn the cross feS s™' disconnected from the saddle by remov- 

g cross feed screw. If the carnage travels with longitudinal feed along 
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Pig. 36. Turning a taper by the tno feeds method 


the bed, a cross movement, due to the travel o£ block 3 along bar 2, is trans- 
mitted to the tool in addition to its longitudinal movement. The resulting 
motion of the tool will be at an angle a to the axis of the work, this angle 
being equal to that at which the guide bat is set. More universal taper attach- 
ments are available which permit the tool to pass over automatically from 
turning a cylindrical part of the workpiece to a tapered section. 

Taper turning attachments enable accurate tapers with an angle up to 15* 
or 18* to be turned. The length of the taper must not exceed that of the 
guide bar. 

Fourth method. Taper turning by means of two feeds is limited to lathes 
having power feed of the compound rest, and the possibility of engaging 
this feed simuUancousl 3 ’ with longitudinal feed of the carriage. In the main, 
these are heavj'-duty lathes, for example, models 163, 1660, 1660r and others. 
The resultant feed of the tool (Fig. 36) in reference to the line of centres 
will be the geometrical sum, in the given case, of the longitudinal feed Sig 
of the carriage and the feed of the compound rest which is set at an angle fi 
to the line of centres. Thus 

S = 5/j — Sc 

According to the sine law 

_ t ^ tc 
sm(/J — a) ~ sm^ sina 

from which the setting angle of the compound rest is 
^ = a + arc sin ^-^sin 
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Since in most engine lathes 

= const 


the setting angle of the compound rest can be written as 


p = a + arcsin (zi sin a) 


If s is the required feed along an element of the taper, then the rate 
longitudinal feed should be 


Stg — ^ 


sin — 
sinyS 


of 


The two-feed taper turning procedure enables tapers to be turned having 
elements of a length longer than the travel of the compound rest. 


2-11. Attachments Extending the Processing 
Capacities of Engine Lathes 


Various attachments, such as contouring, reproducing, milling, grinding 
and high-speed drilling attachments; tailstocks with turret attachments; 
allachmoiits for boring, slotting, cutter-relieving, etc., considerably widen 
the versatility of a lathe and enable work to be machined with various types 
of cutting tools without resorting to other machine tools. This reduces time 
lost in setting up, clamping, unloading and handling workpieces, and 
increases the utilization factor, a feature of especial importance in the use 
of heavy-duty lathes. 

Iho Eso of tracer-controlled contouring attachments enables surfaces of 
u)tation of irregular shape and stepped shafts to be turned with minimum 
labour input. 

Ihe siniplest type of tracer-controlled contouring device is similar to that 
shown in Fig. 35 in vdiich the straight guide bar 2 has been replaced by a tem- 
plate of the required shape and guide block 3 by a roller or stylus. 

tracer-controlled attachment designed by V. Seminsky for 
Ihulv V nf flfn in contoured surfaces is shown in Fig. 37. 

'^au'iro tnn-pi IS mounted on the lathe carriage in place of the 

Holder 1 rate of longitudinal feed, 

at an aimirio 1 l e J "^ountnd with a sliding fit in a bore of body 3, 
the* holder henres lifrbil blEder the action of spring 6, stylus 4 of 

IxL ml™, ™! O' templala 5. To prevent its 

bed* The holder is secured to a bracket mounted on the lathe 

S riaVrio t f fof returning the 

u,rr.a„o ,ls inilial pos.l.on atler removing the turned workpiece. 
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An attachment for turning spherical surfaces (Fig. 38) operates by a simi- 
lar principle. Template 1 is clamped in this case in the tailstock spindle. 
If cross feed is transmitted to the cro.ss .slide, roller 2 clamped in the square 
turret, as well as tool 3, will reproduce the profile of template 7. 

Disadvantages of mechanical duplicating are the difficulties in making 
a template sufficiently accurate and strong enough to withstand the cutting 
force, and the rapid wear of such templates. 

Up-to-date engine lathes are equipped with special hydraulic or electric 
tracer-controlled contouring devices which are lot-produced at Soviet 
machine tool plants. 

Figure 39 illustrates the hydraulic tracing .slide, model FC-l, designed 
at the Krasny Proletary Plant. It is to be mounted on the cross slide of the 
lathe in place of the .swivel ba.se and compound re.st. Bracket 1, secured 
to the cross slide, has a slot parallel to the line of centres of the lathe. Bar 2y 
.sliding in this .slot, is held against axial movement by a roller which enters 
a cro.sswi.so slot in bracket 4- mounted rigidly on the lathe bed. Template 5, 
along whoso profile stylus 3 of the tracing .slide travels, is fastened by screws 
to bar 2. 


The hydraulic .system of this .slide (Fig. 125, Vol. 2) maintains a constant 
di.stanco between the no.se of the cutting tool and that of the .stylus sliding 
along the profile of the template. Therefore, the nose of the tool duplicates 
the proiilo of the template. 


the proiilo of the template. 

An electric tracing device con.sist.s of an electric tracing head secured 
rigidly on the cross slide of the lathe. Upon longitudinal feed of the carriage, 
tie stylus m tlic tracing device .slides along the profile of a stationary tem- 
plate, opcciai electromagnetic clutches are provided in the apron for engag- 
ing, disengaging and reversing the cross feed. As the saddle travels along 
the hod ways the template deflects the stylus. This closes contacts in the 

a command to engage the electromagnetic clutch 
unsiiinn' direction restoring the neutral 
constmi Case as well, the .system maintains a 

slidintr over 'the' nonmechanical tracing .systems is that the stylu-s 

transmits com cutting force. It only 

magnoti 'clu^^^^^^^^^^ operative unit (hydraulic cylinder or electro- 

low luessureorthr^^ Because of the 

size of the stvlim nr ^ ^ template and the comparatively small 
contour at higher snomlTTmlT^^/^^ to turn steep tran.sition surfaces of the 
siv/m Uoriail mado o£ inexpea- 

Iho milling attachment .shown in Fir/ /n « i , .n. 

oi)eralions in an engine l-ithp Tima perform milling 

lathe. Swivelling member 2 of llm nil ^f^^Ped in the tool post of the 
g mcmiior 2 of the attachment has ways and can be turned 






Ki'k. 43. llapia-ciiange toolholdor 





2-12. MECHANISMS INCREASING THE DEGREE OF AUTOMATICITY C5 

to the required position in respect to the holder and be clamped with screws 6. 
Lead screw 3 moves slide 5, in which work 4 is clamped, along^ the ways of 
member 2. The milling cutter is mounted in the taper hole of the lathe 
spindle. The work is set to the depth of cut and the working feed is provided 
either by the cross slide of the lathe or by turning the feed screw of the 
attachment. 

Spline shafts and gears can be milled by an attachment (Fig. 41) mounted 
on the lathe carriage in place of the tool post or square turret. The milling 
spindle with cutter 1 is powered from a separate motor S through a belt drive 4 
with change pulleys. The belt is tensioned by rotating the drive 
motor about pivot 2. 

The work can be indexed for cutting the ne.xt spline or tooth space by 
a method described in Sec. 2-10 or by the use of a special dividing head 
(see Sec. 8-3). 

Internal and external grinding operations can be performed with the 
attachment shown in Fig. 42. 

The square turret, widely used at the present time on engine lathes, limits 
the number of tools that can be clamped simultaneously on the carriage. 
Quick-change toolholders with iatercbangcable holding members permit 
the lathe to be equipped with a great variety of tools whoso settingup 
entails a minimum loss of time. One construction of a rapid-change toolhold- 
er is illustrated in Fig. 43. Here wide gear 3 is mounted on the compound 
rest of the lathe and secured by bolt 4, a nut and a dowel pin. 

The interchangeable holding member 1 has internal gear teeth cut on one 
side Mhich fit the tooth spaces of gear 3. Yoke 5 serves to clamp the holding 
member; its T-shaped lugs enter T-slots in the holding member. With the 
aid of eccentric-action lever 6 the holding member is securely clamped to the 
gear. The tool is adjusted in height by means of screw 2. 


2-12. Mechanisms Increasing the Degree 
of Autcmaticity of Engine Lathes 

The degree of automaticity in controlling the working cycle is quite low 
in general-purpose engine lathes. 

In nonautomatic machine tools approximately 25 to 30 per cent of the 
floor-to-floor time is used to set up and clamp the work, an operation requir- 
ing. moreover, a definite physical effort on the part of the operator. The 
application of power-operated clamping facilities allows this time to be 
reduced 8- to 10-fold with a minimum expendiluro of hand labour (pushing 
a button, turning a lover, etc.). 

Power-operated work clamping is accomplished in most cases by employing 
special pneumatic or hydraulic chucks. Figure 44 illustrates a power chuck 


5-0$40 
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whoso rotating air cylinder is mounted on the rear end of the spinpe. By 
turning the handle of a cock mounted on the lathe, compressed air is admitted 
from the shop mains, through stationary connection 1 on a revolving joint, 
into the right or left end of air cylinder 2 , to move piston 3 with its rod 4 . 
Draw rod"’ .9, passing through the hole in the spindle, links piston 
rod 4 to sleeve 5 of the chuck. Axial motion of the sleeve turns angle levers 
6‘ 'to spread or draw together jaws 8 . The jaws can be adjusted to the diameter 
of the work they are to clamp by using screws 7 . The lathe is automatically 
slopped if the pressure in the compressed air mains drops below 
the permissible value. 

Air cylinder 3 (Fig. 45) can be used to mechanize the movement of a tail- 
sloek spindle. Piston 2 of this double-action cylinder moves the screw .? of the 
(ailslock spindle. Rough settings of the tailstock spindle are made with 
handwheel 4 which rotates the screiv in the piston sleeve. 

Various devices arc in wide use for automatically stopping the carriage 
and for switching oft the lathe when the required size is reached in various 
operations (operating to positive stops), A multiple-position stop, limiting 
longitudinal travel of the carriage, is shown in Fig. 46, Body 1 of this stop 
is clamped by strap 2 and bolts 7 to the front w^ay of the bed. 

Disk 6 with stop screws 3 of adjustable length can bo indexed on pivot 4 
by means of liandle 5 . The disk can bo locked in each of its four indexed 
positions. VVlicn the carriage reaches the positive stop, a safety device is 
tripped in the apron which disengages the feed gear train. Stops of similar 
design arc used to limit the travel of the cross slide. This arrangement 
enables work to be accurately turned to the given diameters without resort- 
ing to ihe dial scales of the carriage or to measuring tools. 

Iho use of carriage and cross-slide stops mechanizes the turning of work- 
pieces of the stepped shaft typo. 

T-he application of loading and unloading devices (their construction 
ns consideied in Vol. IV, Part Six) in conjunction with mechanized work 
clamping and automation of the controls enables a general-purpose engine 

lathe to be converted into an automatic and to be built into a transfer 
macliine. 


2-13. Plain Turning Lathes 

not liay a lead scieu. They arc used to perform lathe work of all kinds 
are'an excopUm)).'”'" " single-point tool (beavy-duty lathes 

“>■<* to Ihat of engine 
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Lathes of small sizes (to a maximum diameter of workpiece of 130 mm) 
are available as above-standard or high-accuracy bench lathes. 

In the medium-size models, the basic parts (bed, headstock, tailstock, 
carriage, etc.) of the corresponding sizes of engine lathes are used. Such 
plain turning lathes are intended chicDy for turning work of the stepped 
shaft type in lot production. In this sense, they can be considered to be 
single-purpose lathes. Such lathes may be equipped with attachments for 
tracer-controlled duplicating, for automatic loading and unloading, and 
for automatic control of the working cycle (sometimes with numerically 
controlled systems) that convert them into automatics. Lathes of above- 
standard accuracy are also manufactured using engine lathes as the basic 
models. 

Heavy-duty lathes are available only as the universal plain turning type. 
They can he equipped with various attachments that extend their processing 
capacities, enabling them to machine heavy work with various types of cut- 
ting tools without resorting to other machine tools. 

The principal dimensional data of certain models of Soviet plain turning 
lathes are listed in Table 6. 


TABLE « 


Model 




Net nclRht, 
kg approx. 

1600 

100x125 

COO to C.OOO 

0.12 

23 

IBCOI 

125 X 180 (250) 

470 to 5,300 

0.45/0.0 

190(200) 

tnC03 

100x250 

50 to 3, ICO 

0.8 

500 

i;iG04 

200 x 350 

353 to 3,000 

1.1 

480 

ir.Tii 

250 x 350(500) 

50 to 2,500 

4 

100(125) 

1GT16 

320x500 (710, 

40 to 2,000 

7 

1350(1,500; 


1,000) 



I ,C50) 

1GT20 

400 x 710(1,000, 

32 to l.COO 

7 5 or 10 

2.100 (2.200; 


1,400) 



2,400) 

1CT25 

500 X 1.000(1.400. 

50 to 2,500 

13 

2.050 (3,000. 


2,000) 



3,300) 


2-14. Features of Plain Turning Lathes 

The construction arrangement and principal units of universal plain 
turning lathes arc the same as those of engine lathes (Fig. 4). 

The absence of the lead screw substantially simplifies the kinematic 
features and the construction of the feed gear trains of the lathe since there 
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is no need for mechanisms so t 3 ''pical of engine lathes as the gear cone and 
tumbler gear of the feed gearbox and the half-nuts in the apron. Power feed 
of the carriage maj'' also he absent in small-size lathes, all movements of the 
tool in relation to the work being manual. 

As a rule, heavj^-dutj^ lathes have several carriages which are powered 
either from a common feed rod, linked kinematically^ to the lathe spindle, 
or from variable-speed d-c motors (Fig. 47) mounted on each carriage. 

The compound rests of the carriages have a power feed. If the carriage 
is powered from a feed rod, short metric or English threads (not longer 
than the travel of the compound rest) can be cut. 

The tailstock and steadj”- rests of a heavy^-duty lathe can he traversed 
along the bed way^s by a drive powered from an individual motor. The 
tailstock spindle is similar in design to the headstock spindle and runs in 
antifriction bearings. It has a separate drive for positioning motions. 
A faceplate mounted on the end of the tailstock spindle enables long and 
heavy workpieces to be more reliably'^ clamped. 


2-15. Facing Lathes 

Facing lathes (Fig. 48) are single-purpose machines intended for turning 
work of large diameter but short length. They perform such operations as 
turning external cydindrical and taper surfaces, facing, cutting grooves, 
boring, etc. 

In construction, a facing lathe differs to some extent from a centre lathe 
and consists of the following main units (Fig. 48): baseplate 1, headstock 4 
witn laceplate bed member 2, carriage 3 and tailstock 6 mounted on 
a nigii support. The headstock which houses the speed gearbox is secured 
+ ^-1 f ^ ^ baseplate. The bed member with its longitudinal way^'S and 
hv positioned as required on the baseplate and clamped 

by. T-bolts ^yhose heads enter T-slots of the baseplate. 

of stAu faceplate either by the jaws or with the aid 

ported bv necessary^ the work can be additionally’ sup- 

the facenlat baseplate, immediately under 

to be turned' ^ diameter larger than that of the faceplate 

a^?ide^Sle^oTLSVa^°T!^ u""? ^ separate motor and provides for 
Table 7'^lists^tbp nrit ^ the longitudinal and transverse directions, 

tured in the USSR dime^ional data for facing lathes manufac- 

by vextkal tS and uf been almost completely superseded 

and comparativelv low their simple construction 

productiorauTfor\ep:ir ?ot.^°^^^^^^^^ P'®®® 
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Model 


1690 

'A691 

.A692 


1A693 

1A695 

1A698 


TABLE 7 


Diameter of 
work accom- 
modated, 
mm 

Range of 
spindle 
speeds, rpm 

Available 
power, kW 

Net weight, 
kg approx. 

Remarks 





Incorporate device 





for maintaining 

800 

4 to 800 

17 

8,000 

constant cutting 

1,250 

2.5 to 315 

17 or 22 

14,000 

speed, power 

2,000 

1 to 100 

30 

17,000 

CiiucK, iracLT- 

controls, infi- 





nitely variable 




> 

speeds and feeds 

3,200 

0.8 to 63 

30 

— 


5,000 

0.63 to 50 

40 

— 


8,000 

0.5 to 40 

55 

— 



2-16. Multiple-Tool Lathes 

Multiple-tool lathes are single-purpose high-production machines in- 
tended for turning work such as stepped shafts, cluster gears, etc. (between 
centres or in a chuck) in lot and mass production shops. 

Figure 49 shows a multiple-tool setup for turning a stepped shaft. The 
provision on multiple-tool lathes of two or more carriages, each carrying 
several single-point tools operating simultaneously^ enables the machining 



Fig. 49. Setup for turning a stepped shaft in a multiple-tool lathe 








Fig. 50. MuUipIc*tool semiautomatic latLo 


time to Lc reduced since the travel of each tool is only a part of the full 
length of the blank, and because the carriages operate simultaneously. The 
front carriage mounts the tools for turning the steps of the shafts and trav- 
els with the longitudinal working feed ft- The roar carriage has only the 
cross feed «2 and is used to cut grooves, face shoulders, turn chamfers and 
short contoured surfaces with form tools. 

Multiple-tool lathes operate on a semiautomatic cycle. The operator only 
sets up the blank, starts the lathe and removes the finished work. This fea- 
ture allows one operator to handle several machine tools simultaneously 
{multiple machine tool handling). 

The construction of multiple-tool lathes is distinguished for the exception- 
ally high rigidity of such units as the bod, carriages, headstock and tail- 
stock. This is necessitated by the large total chip cross section when the 
stock is removed simultaneously by several tools. 

Figures 50 and 51 illustrate the general view and gearing diagram of 
the multiple-tool semiautomatic lathe. The spindle is powered by 





Fig. 52. Two-direction overrunning clutch 


a 10-k\V motor through a V-belt drive, change gears A and B, and bevel 
gearing 18 : 80. 

A set of 12 change gears provides for 12 different spindle speeds in the 
range from 40 to 500 rpra. 

The feed gear trains for the front and rear carriages are driven from the 
spindle. The gear train to the front carriage includes the following elements: 
gears change gears safety clutch Ci, feed disengagement 

clutch Cz, gears two-direction overrunning clutch (Fig. 52), gears , 
and lead screw tu = 12 mm. The eight available feed change gears ^ enable 
S^different longitudinal feeds in the range from 0.12 to 1.38 mm per revolu- 
tion to be transmitted to the front carriage. 

The feed gear train of the rear carriage is driven from a gear rack with 
a module of 3.5 ram fastened rigidly to the front carriage. In its movement 
the rack rotates a pinion with 15 teeth. Power is transmitted further through 
gears ^ X p , and change gears to a drum with a helical slot. The pin 
actuating the rear carriage enters this slot. The 12 change gears ~ provide 
for 12 different cross feeds to each set-up feed of the longitudinal (front) 
carriage. Cross feeds range from 0.016 to 2 37 mm per spindle revolution. 

Rapid traverse movements (rapid advance to the work and withdrawal 
of the carriages) are powered from a separate 1-kW reversible motor, linked 
to the feed gear train through the tw’o-direction overrunning clutch Cg. 

The semiautomatic working cycle of the machine consists of rapid advance 
of the front and rear carriages, change-over to working feed, rapid return 
of the carriages to the initial positions and stopping of the lathe. The cvcle 
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The model 1712 semiaulomatic tracer-controlled lathe* is shown in 
Fig. 53. It has a tracer-controlled slide 1 and one or two cross slides 2 which 
machine the parts of the work that cannot be turned to a template (cutting 
narrow or deep grooves, facing reverse shoulders, etc.). The possibility 
of tracing to a flat template or master, and the simplicity with which a dull 
tool can be changed enable the time required to change over to a now job 
to be considerably reduced. Machining time can also be reduced in compari- 
son to multiple-tool machining (without a tracing slide) due to tlie higher 
cutting speeds that can bo applied and the rapid traverse of the tool at the 
sections of the work which do not require machining. 

Automatic turning of the work in several passes with rational distribution 
of tho machining allowance among the passes enables blanks with different 
allowances at different parts to be turned efficiently in a single lathe, i.e., 
without using several latlies with different setups. Thus, in turning work 
of comple.v shape, a tracer-controlled multiple-tool semiautomatic is fre- 
quently more productive than ordinary multiple-tool lathes. 


2*17. Single-Purpose Lathes 

In addition to the maciiiiies that have been considered, the lathe group 
includes various single-purpose lathes designed for turning work in largo 
lots in various fields of industry. 

Special roll-turning lathes (Fig 54) find application for the rough and 
finish turning of rolls for rolling mills in plants where metal rolling equip- 
ment is manufactured and operated Those lathes possess high rigidity 
which, in conjunction with the amply powered drive, enables carbide-tipped 
tools to be employed to their full capacity Lathes of this type are usually 
equipped with several carriages and special steady rests that allow tho 
mating roll to lie set up when the pa.«s grooves are being turned with the aid 
of an electric tracing device. 

Special lathes are used in the sleol-making industry for roughing straight 
and tapered ingots of round and square cross section, for cutting off the 
ingot head and for slicing tire ingots into billets for the wheels and tires 
of railway rolling stock 

Plants manufacturing Diesel engine locomotives and freight cars, as well 
as railway repair shops use wheel lathes (Fig. 55) and axle lathes intended 
for turning the tirc^, rims and axle journals of tho wheel sets of railway 
vehicles. 


•The hydraulic svslcm dingram of the niiMlel 1712 lallie is similar to that of the model 
MPIOa lathe (see Fig 2S9). 
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Fig 37. OpcratioDS in tumia; a craaksbaft 


Plants manufacturing inlernal-combustion engines employ special-pur- 
pose semiautomatic crankshaft and camshaft lathes. 

The main journals of a crankshaft^ are turned, and the adjacent checks 
and the ends of the crankshaft cao be faced in cither of two types of lathes: 
with two-sided and with centre drives. In lathes wth a two-sided drive 
(Fig. 56) the tailstock spindle is power driven and rotates synchronously 
with that of the headstock. The central main journals of crankshafts can 
be turned in such a machine (Fig. 57a), and the adjacent cheeks can be faced. 
The crankpins can also be turned and their adjacent cheeks faced if the 
crankshaft is set up and clamped so that the axis of coaxial crankpins coin- 
cides with the spindle axis (Fig. 576). 

The main journals at the ends of the shaft are turned in lathes with a centre 
drive (Fig. 58). In, this case the shaft, mounted between centres, passes 
through a gear clamped on the previously roughed central journal (Fig. 57c). 

Lathes are available that simultaneously turn all the crankpins on a 
crankshaft. Here the shaft is set up as shown in Fig. 57a and the carriages 
in which the tools are clamped travel in a circle (synchronously with crank- 
shaft rotation) whose radius is equal to the throw of the crankshaft (Fig. hid). 

Heavy crankshafts are machined in lathes of the type illustrated in 
Fig. 59, in which the blank is clamped stationary in steady rests 2. The 



Fig. 59. Lathe will, rutatintr tools for n • 

{•<,nsccvuivd\”^^"“^^ cranhpins of a cranksli 








82 


metal-cutting lathes 



Fig. 62. Carriage of a relieving lathe 


main iotirnals and crankpins are consecutively turned by two tools clamped 
in slides 4 on faceplate 8 . Slides 4 have radial feed to feed the tools into tne 
cut while the faceplate has longitudinal feed along the ways of bed I. ine 
faceplate can also be traversed crosswise to align its centre with the centre 
of the journal being turned on the crankshaft. 

Semiautomatic multiple-tool lathes with two-sided or centre drives are 
used to turn engine camshafts. The lathes with a two-sided drive (Fig. 60) 
are used to turn the journals and face the sides of the cams in the middle 
part of the camshaft, and also to simultaneously turn the contours of all 
the cams. The lathes with a centre drive are emplojmd to turn the journals 
and face the cams at the ends of the camshaft. 

Relieving lathes (Fig. 61) are used in the tool industry to relieve or back 
off the teeth of various types of milling cutters, hobs and other tools (see 
Fig. 37, Vol. 2). Relieving lathes differ from the ordinary general-purpose 
models in that a reciprocating motion is imparted to the toolpost slide 2 
(Fig. 62). This motion consists of a slow advance forward, during which the 
tool backs off the tooth of the cutter, and a rapid return to the initial position 
to start the relieving movement for the next tooth. 

Reciprocation is effected by cam 1 which is driven by shaft 3 . The latter 
is linked to the main drive which rotates the work. The kinematics of reliev- 
ing lathes is taken up in more detail in Vol. 2, Part Three, Sec. 5-2. 



CHAPTER 3 

TURRET LATHES 
AND VERTICAL BORING MILLS 


3-1. Purpose and Field of Application 
of Horizontal Turret Lathes 

Horizontal turret lathes are designed for machining work of complex 
shape on a lot-production basis. External surfaces are machined by single- 
point tools of various types; central holes, by boring tools, drills, taps, etc. 

The main distinguishing feature of a turret lathe is the provision of a 
longitudinal slide or saddle carrying a multiple-station turret in which 
various kinds of tools are clamped. 

By swivelling (indexing) the turret, the tools, preset to size, are consec- 
utively brought into the cutting position and fed to the work. This consid- 
erably reduces handling time in the machining operation. 


TABLE 8 


Model 

Bar oapacit? 
(diameter o(«ork 
ctatsped in i 
ctiuck), mm 

Range of spindle 
speeds, rpro 

AvaUaUe 

poner, 

KW 

Ket 

ncigbt, 

tg 

approx 

Remarks 

1314 

10 

Up to 5,000 

1.5 

350 

Vertical turret axis 

1H318 

18 

100 to 4.000 

2 6/3 

1,000 

Ditto, with pro- 
grammed cutting 
speeds and feeds 

1H325 

25 

Up to 3,500 

3 or 4 

1,200 


1B340 

40 (400) 

GO to 2,000 

7.5 

2,400 

Ditto 

1B365 

65 or 80(500) 

34 to 1,500 

13 

3,900 

Ditto 

111371 

100 or 125 (630) 

20 to 893 

30 

6,300 

Ditto, with preselec- 
tive controls 

inssi 

ISO or 200 (800) 

14 to 630 

30 to 40 

8,500 

Ditto 

ir325 

25 

SO to 3,150 

2.6/3 

1,300 

Horizontal turret axis- 

1A341 : 

40 

60 to 2,000 

5.5 

2,200 

Ditto 

1416 

- (160) 

60 to 2,000 

5.5 

3,000 

Semiautomatic chuck- 
ing type 

1425 I 

_ (250) 

50 to 1,250 

7.5 

4,200 

Ditto 
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In most cases, in addition to the turret, these lathes have a cross slide 
with a square turret in which single-point tools are clamped for turning 
external surfaces on the work. 

The main dimensions of a horizontal turret lathe are the bar capacity 
and the maximum diameter machined over the bed. 

Brief specifications for Soviet models of horizontal turret lathes are given 
in Table 8. 

3-2. Working and Auxiliary Motions 
in Horizontal Turret Lathes 

The primary cutting motion {v, Fig. 63) of a turret lathe is the rotation 
of the spindle carrying the work. The feed motions are the longitudinal 
travel of the turret and the cross travel ^2 of the cross slide carrying the 
cutting tools. In some cases, cross feed is obtained by slow rotation of the 
turret (with a horizontal axis) or by crosswise motion of the turret. 

.Auxiliary motions of a turret lathe are: 

(a) swivelling (indexing) of the turret for bringing the tools consecutively 
into the cutting position; 

(b) feeding out and clamping the bar stock; 

(c) rapid approach and withdrawal of the turret, cross slide, etc. 




(^) 

Fig. C3. W orking motions in horizontal turret lathes 
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3-3. Construction Arrangement 
and Principal Units of Horizontal Turret Lathes 

Depending upon the arrangement of the turret axis of rotation (Table 8), 
three designs of turret lathes are available; with a horizontal, vertical or 
inclined axis of the turret. 

Most of the small-size turret lathes are of the ram, or capstan, type in 
which a slide or ram carrying the turret moves toward or away from the work 
in a saddle clamped to the lathe Led. The saddle can be adjusted along the 
bed ways. 

In the heavier turret lathes the turret is mounted directly on the saddle 
which, in the same way as the cross slide, lra\cls along the bed ways. 

As to the type of blank or stock they handle, turret lathes are classified 
as bar and chucking models. 

In the bar machines the work is turned from bar stock of the required 
cross section which passes through the hole in the spindle and is clamped 
in a collet chuck (or chuck with interchangeable Jaws). For this purpose the 
lathe is equipped with a mechanically, pneumatically or hydraulically 
operated collet chuck and bar feed units. 

In the chucking machines a separate blank (a casting or forging) is 
clamped in an independent jaw chuck mounted on the spindle nose. 

Up-to-date models of horizontal turret lathes have preselected (previously 
selected) spindle speeds and tool feeds, or speed and feed changing is auto- 
matically controlled. 

Heavy turret lathes, whose operation involves large machining times, 
have control systems in which the spindle speed and rates of feed for the 
next operation element can be selected in the course of the present operation 
element. After indexing the turret (by hand or power), the shifting of a single 
lever engages the preselected speed and feed. This is accomplished in most 
modern lathes by friction or jaw clutches, built into the speed and feed 
gearboxes and controlled by hydraulic cylinders In certain cases, sliding 
cluster gears are directly shifted by hydraulic cylinders. 

Small and medium-size turret lathes usually perform operations with 
a small machining time and have automatic turret indexing Here, the 
spindle speeds and rates of feed for each turret position are set up beforehand 
and they change consecutively in the course of the operating cycle depending 
upon the position to which the turret is indexed. This is pro\ided by electro- 
magnetic friction clutches built into the speed and feed gearboxes. The 
clutches are engaged by rotary automatic control units linked to the turret. 

Handling time, lost in changing spindle speeds and rates of feed each 
time the turret is indexed, is substantially reduced when preselection or 
automatic controls are employed. This is of special importance in lot pro- 
duction. 
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Fig. (5G. Hcadstock of tlie model 10326 turret lathe 


kflip Wn of fl'is name 

feed. Moreover it dops^Tint\ a narrower range and fewer steps of 

a lead screw. * arrangement for cutting threads with 

the feeds^to^be^clian°ed^with'^'t ^ device enabling 

speed chaime^the hvSLlVr rnn ' fathe (Fig. 68). Before each 

feod and spoed gearboxes and engage^frul'ch fmoun? ^ 

and having a rochincr motion oKinlra f , ^ mounted freely on its shaft 

on the rapid traverse '^haft Thus th^ eccentric cam 3 mounted 

forth slowly. Iherrbx® fad hart ^’, 1 " /w "’'“ft® t"™ 

while the lathe Tin operation ® g™'" 

lion by means of'de'ctromagneti^frt'r**’ changed during opera- 

in various combinations (Fig 69) clutches which can be engaged 

po'^r --.to provide hand and 

have mechanisms for stopping the j directions. They 

position as determined by preset «;tnTi= ^ required 

Tlic rapid traverse mechanism tnoKr^f’ nnd rapid traverse mechanisms. 

m (only for rapid withdrawal of the turret 








Fig. GS. Feed gearbox of the model mSGS turret lathe 


motor Ihrotgt ihe^rapid powered from a separate 

(Fig. 70) or “reach-over” 

or bridge, type of cross slide carr£ reach-over, 

loolholder to be mounted at the r!L! ^ 
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The saddle 1 in small and medium-size turret lathes with a vertical axis 
of turret rotation (Fig. 72) is mounted on the hed and the turret slide or 
ram 2 moves back and forth in the guides of the saddle from a rack-and- 
pinion drive and carries the hexagon (or, less frequently, cylindrical) tur- 
ret 3. The cutting tools are clamped in the holes of the turret in toolholders 
and adapters of various types. Various attachments carrying the cutting 
tools can he mounted on the faces of the turret. A locking pin ensures that 
the turret holes arc in strict alignment with the spindle axis after each 
indexing of the turret. Tapered locking pin 11 enters one of the six bushings 
fitted in the base of the turret. 

The turret clamp, whose main element is the clamping ring, or yoke, 
4, serves to clamp the turret rigidly following each indexing and to relieve 
the locking pin of shearing stress due to the cutting force and the consequent 
torque developed in the turret. In the clamped position the base of the turret 
bears tightly against the mating surface on the saddle. 

The turret indexes automatically when the ram is retracted. During 
retraction of the ram one of the indexing pins 9 runs up against the lever 
of stop 10, mounted in saddle 1 and the turret is indexed through 60®. 
Before the turret begins to index, lever 12 runs up on stop /^jand retracts 
locking pin 11. At the same time dog 14 engages cam 15, releasing the turret 
clamp. At the beginning of the forward movement of the ram, the turret 
is clamped by the interaction of dog 14 and the slop. 

Stop spool 6 with stop screws 5, used for preselling the length of travel 
of the turret ram for each turret position, indexes synchronously with the 
turret. When the ram reaches the end of its travel for a certain position 
of the turret the corresponding stop scrcw5 runs up against stop pin 7 mount- 
ed in saddle 1. By means of shaft 8, pin 7 actuates the mechanism located 
in the apron of the turret saddle for disengaging the working feed. This 
mechanism disconnects the feed gear train by means of a claw clutch, and 
ram 2 stops in the preset position. Automatic feed disengagement is accurate 
to within 0.1 or 0.2 mm. 

In the small-size lathes (models 111318 and 111326, Fig. 73) the turret 
slide travels directly along the bed ways. This excludes the need for addi- 
tional ways and increases the bearing surface of the slide. 

The stops controlling turret indexing, locking pin retraction and turret 
clamping, as well as the pin of the stop for disengaging the working feed 
are arranged in a special housing mounted on the bed. The turret slide apron 
of these machines is stationary. 

In the heavy turret lathes, the turret saddle 1 (Fig. 74), together with the 
apron fastened to it, travels directly along the bed ways by means of a rack- 
and-pinion drive, thereby providing for a considerable length of travel. 

Turret 3 is not indexed automatically as in the smaller models. Locking 
pin 4 is retracted, and clamping ring 2 is released and closed by hand using 







Kig. 73. Turret saiWIo unit of llio iiioilcl 111320 turret lutlio 
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lever 5. Stop spool 9 indexes synchronously with the turret to which it is 
linked through bevel gearing. The spool carries adjustable stops 7 by means 
of which the length of travel of the turret is set up for each position. In the 
forward feed of the saddle, corresponding stop 7 runs up against a stationary 
stop on the bed. At this, stop spool 9 is stopped but the saddle continues 
to travel forward. Then the shoulder of shaft 6, which is fitted into the stop 
spool, turns lever 5. The latter, through shaft 6, trips the mechanism for 
disengaging the working feed, located in the turret saddle apron. As a result, 
the power feed gear train is disengaged and the saddle stops in the required 
position. 

Some designs of turret lathes incorporate a Geneva mechanism or a hydrau- 
lic cylinder for indexing the turret. 

The turret saddle of lathes with a horizontal axis of turret rotation 
(Fig. 75) is traversed directly along the bed ways by means of a rack-and- 
pinion drive. The apron of the saddle is stationary. The turret 1 has 12 to 
16 tool holes into which tools or attachments with tools are mounted. As 
each tool hole is indexed to its uppermost position it comes into alignment 
with the spindle axis. 

Locking pin 2 serves to positively position the axis of each tool bole accu- 
rately in line with the spindle axis. The locking mechanism is controlled 
by hand from lever 75. 

The following three typos of turret rotation are available: 

(1) Rapid manual indexing is accomplished by turning handwheel 12. 
The latter is mounted on shaft 10 together with gear 16 which meshes with 
the gear teeth on the turret unit. Before indexing in Ibis manner, friction 
clutch 11, linking worm wheel 9 to shaft 10, is disengaged by means of knob 13. 

(2) Slow manual rotation to obtain cross feed is efiected by turning hand- 
wheel 7. The gear train Is through shaft 5, worm 4, worm wheel 9, clutch 11 
and further as in the first case. 

(3) Slow power cross feed is efTcclcd by shaft 3 which is driven by the mecha- 
nism of the saddle apron. The gear train includes bevel gears 8, which serve 
to reverse the cross feed when claw clutch 6 is shifted by lever 14, and the 
other elements indicated in the second case. 

The bar feed and clamping mechanism is a unit of all bar type turret lathes. 
In small-size lathes this mechanism is mounted on the left end of the bed 
(Fig. 76). 

The bar stock is clamped in the following manner. Shaft 2, driven from 
a separate motor, carries drum 1 with a curv'ilinear groove by means of 
which the roller of clamping lover 3 is actuated. Upon rotation of drum 1, 
lever 3 turns counterclockwise, shifting sleeve 5, mounted on the rear end 
of the spindle, toward the left. The internal taper of sleeve 8 forces rollers 9 
between washer 7 and cage 10. Since washer 7 is fixed axially, cage 10, 
compensator 11, bushing 12 and nut 13 are shifted to the left. Nut 13 is 
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Fig. 77. Bar clamping mechanism of ilie model 1.365 turret lathe 
ils co„i“l sSe fits f ^■a^ereThn^■‘‘':/™"‘ 
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heat treatment. This force should be sufficient to feed the bar out when the 
collet is released. The feeding finger and tube are moved back to the left 
by the action of spring 17 (as permitted by the shape of the groove on 
drum 18). At this time the bar is firmly clamped by the spring collet so that 
the feeding finger returns to its initial position, sliding over the bar. Screw 
16 is used to set up the stroke of the feeding finger. 

The whole bar feed and clamping cycle takes place during one revolution 
of shaft 2. The cycle includes return of the feeding finger, unclamping the 
bar, feeding out the bar and clamping it again. 

The mechanism employed for clamping bar stock in a heavy turret lathe 
is illustrated in Fig. 77. 

The bar is clamped in the following way. Oil under pressure enters the 
right end of cylinder 7, shifting piston 2 and the top of shifting fork S to the 
left. Acting through sleeve chuck levers 5, washer 9, compensating springs 
10 and other intermediate components, shifting fork 3 moves sleeve 11 
to the left. Through nut 7, sleeve 11 forces separate interchangeable jaws 5, 
held apart by springs, into the tapered hole of part 6. This compresses the 
jaws and clamps the bar. The bar is released by admitting oil to the left 
end of the hydraulic cylinder. 

In heavy turret lathes the bar feeding and clamping mechanism is de- 
signed as a separate unit arranged at the left end of the speed gearbox. In 
Soviet models this mechanism has a hydraulic drive. In its operation, the 
bar is first gripped by two levers actuated by two cylinders and then the 
feed cylinder advances the bar 


3-4. Turret Lathe, Model 1365 

The model 13G5 turret lathe is intended for turning work- from bar stock 
with carbide-tipped or high-speed steel tools. The bar capacity is 80 mm. 
The lathe has a he.vagon turret with a vertical a,\is of rotation. One modifica- 
tion of model 1365 is model 111305 designed for chucking operations. The 
maximum diameter of w’orkpiece accommodated over the hod is 500 mm. 
The gearing diagram of model 1365 is shown in Fig. 78. 

The speed gearbox imparts 12 forward and 12 reverse speeds to the spindle 
in a range from 34 to 1,500 rpm. The spindle is reversed by twin friction 
clutch Cj. 

Forward rotation of the spindle is obtained through gears ~ and 5Yith 

clutch Cl shifted to the right; reverse rotation— through gears ^ and inter- 
mediate gear 35r with clutch Ci shifted to the left. 



JO IIIVJ3B 
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In forward rotation of the spindle the six upper speeds of the range are 
obtained through the gear train: shaft /, gears || , shaft III, gears ^(with 
clutch Cz engaged and clutch disengaged), shaft V, sliding triple cluster 
gear or ^ or p , shaft VI, sliding double cluster gear or and to 
the spindle. 

The six lower speeds of the range are obtained through the gear train: 
shaft I, gears , shaft III, gears ^{with clutch engaged and clutch Cz 
disengaged), shaft IV, gears shaft V, sliding triple cluster gear 

P or ^ or p , shaft VI, sliding double cluster gear or and to the spindle. 

The cross slide carriage and the turret saddle each have 18 longitudinal 
feeds obtained from the spindle through the main gearbox, feed gearbox, 
feed rods XVI and XV, aprons of the carriage and saddle, and the rack- 
and-pinion drive. 

The feed gear train commences with the constant gearing || = 1 and 
26 1 39 

the double cluster gear ^ 39 “ to which the number and 

rates of feed are doubled. Next along the train are the main gearbox with 
a constant gearing ratio 0.2 and the feed gearbox 

providing nine engagements between shaft XII and shaft ATT' by moans 
of the two triple cluster gears: or ^or and^ M* 

Nine engagements for the turret carriage between the shafts XII and 
XVI are accomplished by means of two triple cluster gears with the same 
gearing ratios as above. 

The apron of the cross slide carriage transmits motion from feed rod XV 

30 

to shaft A'A' of the rack pinion through the reversing unit with gears ^ or 
^ X 1^, worm gearing p aad gears p. This arrangement provides for 
longitudinal food of the cross slide. Feed of the cross slide (cross feed) is 
cfiected by transmitting motion from feed rod XV to the cross feed screw 
XXIV {t = 10 mm) through the reversing unit, worm gearing, gears || 

, 48 23 

and gears 03 ^ 18 * 

This gear train provides 18 cross feeds. 

The apron of the turret saddle is similar to that of the cross slide carriage. 
Longitudinal feeds of the turret are obtained through the following gear 
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train: feed rod XVI ^ reversing unit witli gears gg ^46 

shaft XXVII, worm gearing ^ , gears , shaft XXXI and rack pinion 12T. 

No provision has been made for cross feed of the turret. 

The longitudinal and cross feeds are engaged by claw clutches C^, C 5 and 
Cg, located in the aprons. 

The rapid traverse mechanism serves for rapid approach and withdrawal 
of the cross slide and turret. A separate motor transmits rotation to the 
rapid traverse shaft along the following gear train: motor, shaft XXXVI, 

gears — , shaft XXXVII, worm gearing ^ , shaft XXXVIII, chain drive 

~ and shaft XIV. Each of the two aprons houses mechanisms which transmit 
rotation from shaft XIV to the corresponding rack pinions along the gear 
train: shaft XIV, gears ^ , reversing unit with gears gears — and 
rack pinion 12 r. 

The turret of the lathe is indexed by hand and is linked through bevel 
24 

gears ^ 5 ^ with the si.x-position stop spool carrying adjustable stops which 

automatically disengage the longitudinal feed of the turret at a preset length 
of travel for each turret position. 

Spindle speeds and tool feeds are changed for each operation element 
by a preselector arrangement. 

The jaw clutches are engaged and disengaged, and the sliding cluster gears 
are shifted, by means of hydraulic cylinders. During gear shifting the shafts 
of the speed and feed gearboxes are slowly rotated by special mechanisms. 

The lathe is braked by a multiple-disk friction brake operated by a hydrau- 
lic cylinder. The bar feed and clamping mechanisms are also controlled 
hydraulically. 


3-5. Turret Lathe, Model 111326 

The model 111326 turret lathe is used for turning work from bar stock 
or from blanks held in a chuck, with carbide-tipped or high-speed steel 
tools. The bar capacity is 25 mm; the maximum diameter of workpiece 
accommodated over the bed is 320 mm. 

The lathe has a hexagon turret with a vertical axis of rotation. The 
gearing diagram of the lathe is shown in Fig. 79. 

The speed gearbox (reducing gear) imparts six forward and six reverse 
speeds to the spindle in the range from 200 to 3,350 rpm. The spindle is 
reversed by reversing the drive motor 




Fig. 73. Gearing diagram of llio model 111.320 Hirrel latlio 
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Snindle speeds are obtained along the following gear train: motor running 
at 1,440 rpm, shaft /, gears gg ^ shaft II , gears gg 59 t>r ^ , shaft ///, 

201 

V-belt drive with pulleys and the spindle. 

The required spindle speed is obtained by the engagement of two electro- 
magnetic clutches in various combinations. The electromagnetic clutches 
Cu Cz, Cz, Cl, and C 5 are built into the reducing gear for changing speeds. 

The cross slide has only cross feed; the turret has only longitudinal feed. 
The feed gearbox provides for three feeds for each unit. 

The kinematic chain linking the spindle with the input shaft V of the 

155 98 

feed gearbox consists of two belt drives with a total ratio = 201 ^ 15^ 

- 0.495. 

The feed gearbox provides for three engagements between shafts V and 
VI 11 and for reversing by means of the gears ^ or || or , and the revers- 
30 24 45 

ing unit gears ^ ov ^ X ^ . 

The required rates and directions of feed are obtained by engaging two 
electromagnetic clutches in various combinations. For this purpose three 
clutches, Co, C^ and Ca, are provided in the feed gearbox (Cq and €$ are 
twin clutches). 

The cross slide apron transmits motion from the feed gearbox to cross 
feed screw XIV along the following gear train: shaft VIII, worm gearing gg, 
52 74: 

shaft XVI, gears ~ , shaft XV, and gears ^ to cross feed screw XIV. Cross 

feed is engaged by means of claw clutch Cp, 

The turret saddle apron is designed to transmit motion from the feed 

qA qo 

gearbox to the rack pinion iST by the gear train: shaft XXIV, gears gg ^ 60’ 

shaft ZXF, worm gearing ~ , shaft XIII, gears — , and shaft XII to the 

rack pinion. Longitudinal power feed is engaged by means of claw clutch Cioi 
hand feed claw clutch Cu being simultaneously disengaged by an inter- 
locking arrangement. 

The turret saddle has a mechanism for rapid return of the turret to the 
initial position. Rotation is transmitted from a separate motor (0,25 kW, 

2,800 rpm) through shaft IX, gears ~ to shaft XXV and further to the 
rack pinion along the gear train indicated above. 

At tlm end of the working feed of the turret the twin electromagnetic 
clutch C 12 disengages the feed gear train and engages the train for rapid 
return to the initial position. 
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The hexagon turret indexes automatically during rapid return of the 
saddle. The drum of a special electric control unit mounted on shaft A'A' 
turns together with the turret. The drum carries stdps which operate limit 
s\vitches in the supply circuits of the electromagnetic clutches in the speed 
and feed gearboxes. In conjunction with the electromagnetic clutches, the 
control unit enables a new spindle speed, cross slide feed and turret feed 
to be obtained for each indexing of the turret in accordance with the preset 
values (automatic controls). 

The bar feed and clamping mechanism has an electromechanical drive. 


3-6. Standard and Special Accessories 
for Turret Lathes 

Cutting tools used to machine the blank in a turret lathe are clamped 
on the cross slide and in the tool holes of the turret with the aid of various 
holders and attachments. 

The service manuals of Soviet machine tools list the standard attachments 
and other accessories furnished with the machine. Typical standard holders 
and attachments are illustrated in Fig. 80. 

Setups for a definite part or a group of parts of similar shape may include 
special attachments (Fig. 81) furnished with the turret lathe on special 
order only. 

The processing capacities of a. turret lathe are extended by various attach- 
ments, such as the plain threading attachment with a leader clamped to the 



Fig. 80. Standard holders and attachmenU for turret lathes 
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turret lathes. Generally accepted distingui-shing features of vertical turret 
lat.hes are the turret on the main tool, head and the turreled toolholder on 
the side head. A vortical boring mill usually has two ram-typo tool heads 
on tlie cro.ssrail. The horizontal position of the work-holding surface of the 
circular table (also called a chuck in the vertical turret lathe because of its 
adjustable jaws) rotating about a vertical axis facilitates the .sotting up and 
clamping of largo, heavy workpieces. Con.sidcrable difljcultios may be 
encountered in attempting to machine such work in engine or facing- 
lathes. 

Both vertical boring mills and vortical turret lathes perform turning and 
])oring operations on external and internal .surfaces of various contour, s 
with single-point tools. Machines with a turret, i.e,, vortical turret lathe.s,. 
cun machine the central hole in a blank witli twist drills, core drills, tap.s, 
and other tools. 

Milling, grinding and slotting can also bo done if the corre, spending special 
attachments are installed. 

The main dimensions of vertical boring mills and vertical turret lathe, s 
are the maximum diameter of workpiece accommodated when the side tool 
head is in its lower position, and the height of the work admitted. 

Brief spocilications of all Soviet models are listed in Table 9. 

In addition to the models listed in Table 9, heavy vortical boring milLs 
that cun machine diameters up to 20-25 m are to be manufactured in the 
USSR in the next few years. 

In addition to the genoral-purpo.so models, Soviet industry manufactures 
single-purpose vertical boring machines with an annular table (for ring-type 
work) and tower models for boring holes in work of large diameter. 


3-8. Working and Auxiliary Motions in Vertical Turret 
Lathes and Vortical Boring Mills 

The primary cutting motion (u) in tliis typo of machine is rotation of the 
table carrying the work (Figs. 82 and 83). The feed motions arc the horizon- 
tal and vortical travel (.Vj, Sz, -v.t and S/j of the tool heads on the cros,srail 
and the side beads, 

Auxiliary motions include rapid vertical traverse of the cro,s.srail, index- 
ing of the turret, etc. 

Vertical feed of the side bead is employed to turn external surfaces of 
yarinu.s coutours; the horizontal feed is nsod in cutting grooves, chamfer- 
ing, olB. J ho horizontal feed of the crossrail heads is employed in facing 
operation.s; their vortical food, for turning and boring externai and internal 
surfaces. 
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3-9. Construction Arrangement and Principal Units 

In conslruclion arrangement these machines can be classified as single- 
and double-bousing tj’pes. 

The single-bousing, or column, models (Fig. 83) are usually vertical 
turret lathes and are available for machining work up to 1,600 mm in 
diameter. 

The principal units are bed and column 1, table (chuck) 2, crossrail 3, 
swivelling ram 4 with a five-sided turret, side head 6, table drive, and tool 
head feed mechanisms 5. 

The double-housing models (Fig. 82) are available for machining work 
up to 25,000 mm in diameter. Two housings 2 are secured to bed 1 and are 
linked togetlier at the lop by arch 6. Travelling vertically on the ways of the 
housings is crossrail 4 carrying two tool heads 3 and 5. Here, both are ram- 
type heads but on models machining work up to 2,300 mm in diameter one 
head may be equipped with a turret. 

The other units are similar to those of single-housing models. 

Table 4 (or chuck) is the most typical unit of these machine tools. With 
its circular ways 3 (Fig. 84) the table bears on ways 2 of the bed. Spindle 7, 
mounted in antifriction bearings 5 and 6, ensures precise location of the 
table. Rail thrust bearing 7 reduces the pressure in the circular ways when 
the table is rotating at high speeds. This is accomplished by tho rotation 
of worm 8, worm wheel 0 and threaded collar JO, thereby raising the spindle 
and table a very slight amount. The circular ways are relieved of a 
part of the axial and radial loads, which are taken up by bearings 5 
and 6. 

In certain designs the table is raised for the same purpose by a hydraulic 
cylinder. 

High-speed vortical turret lathes, intended for machining light alloys, 
do not have circular ways and tho loads are carried by roller bearings 1 
and 3 on the spindle and ball thrust bearings 2 (Fig. 85). 

Tho table is driven through bevel gears 4 and 5, and spur gears 0 and 7. 

The table driie in the small- and medium-size models consists of a single- 
speed motor and a speed gearbox. 

The latest models of light-duty vertical turret lathes have speed gearboxes 
vitli built-in electromagnetic clutclics that automatically change the table 
.speeds in accordance ^\ith turret indexing on the head. 

The main drive of heavy vertical boring mills consists of a variable- 
speed d-c motor, providing stepless table speeds, and a speed gearbox with 
a small number of speed steps. For example, if the speed gearbox has three 
stops, the table will have three speed ranges with infinitely variable speeds 
in each range. 


f-0649 
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The jeed mechanisms of the tool heads arc feed gearboxes mounted directly 
on tlie side head or on the ends of the crossrail and linked through a gear 
train to the table. Electromagnetic clutches in the feed gearboxes of the 
newer models of vertical turret lathes enable feeds to be automatically 
changed according to turret indexing, and contouring to be performed 
to a template. 

Almost all the models have mechanisms providing rapid traverse move- 
ments of the heads and crossrail; in the small vertical turret lathes these 
mechanisms are powered by a single motor. In the heavy machines, each 
rapid traverse mechanism has a separate drive. 

Pendent push-button control on both vertical turret lathes and boring 
mills provides more convenience in operation. Many of the newer vertical 
turret lathes are equipped with facilities for operating with an automatic 
cycle. 


3-10. Accessories for Vertical Turret Lathes 
and Boring'MIlls 

In the great majority of cases the work is set up and clamped directly 
on tho table. Various accessories are used, including screw jacks, strap clamps, 
bolls, sets of strips and spacers, adjustable chuck jaws, etc. (Fig. 86). 

Parts of comparatively small siic can be held in a chuck mounted on the 
table. 



Fi?. 80. Accessories for setting up and clamping work in vertical turret lathes and boring- 
niilb 



Fiji. HI. AttnclniK'iilK for vortical turret latliCK jdkI Ijoriug mills: 

(a) ('.(ifitoiirlnf/; (h) wtofacr crlrKllnjr, (t;) jnlllliuj 

Many aUnclnncMls (l''jff. 87) arc available J’or oxtentling the processing 
capaci1,i('S of Uiese fnacliines. Tlicy are mounted eitlier on the turret or in 
place of it. 

(lotting tools ar(! clanificd in tlio tmu-et by nieatjs of acce.ssories .similar 
to tho.so (le.scribed in Sec. 8-0. 

Tile side bead carrie.s a square turret, as a rule, and can clamp up to four 
.single-])oint tools. 




CHAPTER 4 

AUTOMATIC AND SEMIAUTOMATIC LATHES 


4>1. Purpose of Automatic 
and Semiautomatic Lathes 

An automatic machine tool is one in which all working and aux- 
iliary motions, needed to carry out a dcfinito sequence of machining opera- 
tions, including loading of the blank and unloading of the finished workpiece, 
are performed automatically. The only attention required from the operator 
is to load new blanks into the magazine or hopper periodically (or to feed 
new bars into the machine) and to inspect the finished work.* 

X semiautomatic machine tool is one in which all the working and auxiliary 
motions, comprising the cycle for machining one piece, are performed auto- 
matically. At tho end of the cycle the machine stops automatically. To repeat 
the cycle, the completed piece must be removed, a new blank loaded, and 
the machine started again. 

Automatic and semiautomatic lathes can produce parts of complex shape 
hy machining the blank (or bar slock) with a whole scries of cutting tools. 

In addition to automatic and semiautomatic lathes, extensively applied 
in tho engineering industries, automatic and semiautomatic milling, grind- 
ing, drilling and other machines arc also available. 

The operating cycle of modern machine tools is automated on the basis 
of a control system employing mechanical, hydraulic, electrical, electronic, 
or pneumatic facilities, or any combination of these. 

Machine tools in which autornaticily is achieved by mechanical means 
are productive and dependable in operation. Much time, however, is lost 
in changing over from one job to another Therefore, automatic machine 
tools of this type are used, as a rule, in ma'S production, and semiautomat- 
ics— in lot and large-lot production .Machine tools automated by other 
than mechanical means can be set up for new jobs much more rapidly and 
can therefore be efficiently employed in lot production. 

Machine tools with numerical (programmed) control of the operating 
cycle, using stored numerical data on tape or punched cards, are an excep- 
tion among automatic machine tools since they can produce small or medium 
lots to advantage (see Vol. IV, Part Six). 


•When bar stock is used, the blank is considered to be the part of Hie bar of which 
one workpiece is made. 
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Automatic and semiautomatic lathes are classified, according to various 
features such as: 

(a) purpose— into general- and single-purpose machines; 

(b) the type of blank— into bar and chucking machines; 

(c) the nuitiber of spindles — into single- and multiple-spindle models; 

(d) the arrangement of the spindle — into horizontal and vertical models. 


4-2. Cam Drives and Groups of Automatics 

This chapter! deals mainly with automatic and semiautomatic lathes 
in which automaticity is achieved by mechanical means based on cain drives. 
Automatic control of the operating cycle is effected with the aid of a cam- 
shaft carrying cams of various shape linked through a system of levers, 
gears and other transmissions to the operative mechanisms (slides, clamping 
and feeding mechanisms, etc.). Upon rotation of the camshaft, the cams actu- 
ate the various operative mechanisms. The sequence of the motions is deter- 
mined by the arrangement of the cams on the camshaft. As a rule, one blank 
is completely machined during one revolution of the camshaft. 

Cams are classified according to their forms as plate cams (Fig. 88fl) and 
cylinder cams (Fig. 886). 

Plate cams, also called edge or disk cams, can conveniently transmit 
motion with a short stroke and in a plane square to the axis of rotation 
of the cam. Cylinder, or cylindrical, cams are usually used to transmit 
motion with a considerably longer stroke and in a plane parallel to or 
pa.ssing through the axis of rotation of the cam. 

In their construction cams can be classified as solid and removable- 
strap types. One modification of the cylinder cam is the single-edge type 
which is a hollow cylinder with a curved edge on one end. 

As regards certain features of their cycle control, automatic lathes can 
be divided into three groups. 

The first group includes automatics with a single camshaft which 
controls both main (working) and auxiliary (idle) motions and which 
rotates at a speed constant for the given setup. Considerable losses of 
time on the idle motions are inevitable for the machines of this poup 
since the speed of the camshaft is determined by the slow working motion 
(working feed). However, in small automatics with only few idle motions 
this procedure is expedient and is justified by its simplicity. 

The second group of automatics also has a single camshaft but in the cousre 
speeds of rotation — slow and rapid — are imparted to it* 
JUI the working motions are performed during slow rotation of the camshaft, 
and all idle motions, during rapid rotation. Though the advantages of this 
arrangement are self-evident it has a draivback in that it is impossible to 
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Fig. 88. Cams: 

(a) plate cam. (6) cylinder cam 

obtain a substantial difference between the two speeds of camshaft rotation. 
This is due to the fact that the camshaft with the whole sot of working and 
idle cams has quite a largo moment of inertia, leading to impact loads in the 
change-over mechanisms when sisitching over from one speed to the other. 
Automatics designed for comparatively few idle motions operate on this 
principle. 

The third group is made up of automatics having a high-speed auxiliary 
camshaft for actuating the idle motions in addition to the main camshaft 
wiiich rotates at a slow speed and provides for all working motions as well 
as control of the cycle. Drums with dogs on the main camshaft transmit 
the commands for the performance of the idle motions. This principle finds 
application in automatics intended for machining work of the most complex 
shape for which a great many auxiliary' motions are required. 


4-3. Single-Spindle Automatics 

The most extensively used types of single-spindle automatics are the 
ouiomatic cutting-off machine^ SwUs~type automatic screw machine, and 
single-spindle automatic screw machine. 

Automatic cutting-off machines arc designed to produce short parts of small 
diameter and simple shape from bar or coil stock in largo-lot and mass produc- 
tion. The principle of operation of such an automatic is illustrated in Fig. 89. 
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The stock is clamped in the collet chuck 
5 of the rotating spindle 1. The machine has 

^sct slides 2 operating only in the 

„x — I crosswise direction and carry!., g form and 

I I cut-off tools. To obtain work of the specified 

( / tr! f— f| length, the automatic has a movable slock 

) ’ — ' stop 3 which is automatically advanced in 

riHtO spindle axis at the end of Die 

j cycle. Ihe stock is fed out by the bar feeding 

j mechani.sm up to the stop. 

T j-1 This automatic can bo referred to the iirst 

group. 

^ ^fJ L YIjp prirrmry cutting motion {v) in these 

^ machines is spindle rotation; the feed motion 

- — (.9) is the travel of the slides. 

I Certain models of automatic cutting-off 

j machines have an end-working tool slide, 

l^nvelling along the spindle axis and used in 
I'ig. 8fl. Principle! of an aiiio- ^^olcs. Typical parts produced by aiito- 

iniuic ciiunui-off niacliinc malic cutting-off machines are .shown in Fig. 90. 

Swis.s-type automatic screw machines are 

(li'inmioc fen.n -T , Pi'oducing long parts of small 

ehioflv uJ.j , n ,..,v “5 Tliesc aulomatics are 

witclL; inslrumonL, radio ’’ "'<">'''“1'''™ "f 

and*snS indi.slri.!s to llio accuracy 


Fig. 8n. Principle of an anlo 
inntic cnlling-off niacliinc 


bnpartimr lonnitm i, nUr , • f ways on the bod thereby 

ill a stulionarv carriago on llip l)(id”Thp’’i''’'r” '' 

arm and lovni- from , cam cl ‘"''’P'”'' “clualod l,y a rocker 

I'm- advance or retraction of ulo -0 I"-'""® 


Fig. 92. 


of steps 
ting-off 
rraiiged 
motion 
own in 


1 ho machining of the central liole io dvillinn- i • , i 

nth taps or dies, etc., is done win.’’il,n • f’ cutting thread 

(big. 91) mounted on the left-hand .side if attuclimonls / 
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The spindles of such attachments are frequently designed with independ- 
ent axial feed (sg) and rotary motion. The front end of the bar stock passes 
through the precise hole of guide bushing 6 which is mounted, in tool car- 
riage 3 secured on the bed. Thus, the tools operate immediately in front 
of the stock guide, and vibration and bending of the bar due to the action 
of the cutting force are substantially reduced. Parts of considerable length 
can be turned with this arrangement at a high rate of production. The dimen- 
sional accuracy and surface finish of parts produced by this automatic are 
very high. 

It should be noted that the bar stock used in these machines must be of 
fairly high accuracy; best results are obtained by using centreless-ground 
bars. 

The primary cutting motion (u) is the rotation of the spindle. In turning 
a cylindrical surface the longitudinal feed motion is the travel of the 
headstock. Cross feed So in cutting off is provided by motion of the vertical 
tool rests or by movement of the rocker. If a contour is generated by simul- 
taneous motion of the headstock and cutting tool, the feed is the geometrical 
sum of the longitudinal and cross feeds (sj and s^. 

In drilling from the solid, core drilling or reaming, the longitudinal feed 
is the algebraic sum of the longitudinal feeds of the headstock spindle and 
attachment spindle, Si and Sg. 

Swiss-type automatic screw machines have a single camshaft which con- 
trols both the working and idle movements (first group of automatics). 

Figure 93 illustrates typical parts produced by Snuss-type automatics. 

The principal dimensional data on up-to-date Soviet models of this class 
of machine tool are listed in Table 10. 


table 10 


Model 

Bar capacity. 

1 mm 

Range ol spindle 

I speeds, rpm 

Available 
power, kW 

Met weight, 
kg approx. 

1103 

4 

1,600 to 12,500 

1.1 

400 

iBion 

6 

1,400 to 10,000 

1.5 

610 

jAJ2n 

-10 

900 to 8,000 

?-,2 

800 

11116 

IG 

400 to 5,600 

3 

1,200 

1H25 

25 

250 to 4,000 

5.5 

1,600 


Single-spindle automatic screw machines are designed for the mass pro- 

complex shape from bar stock. 

oik efficiently handled by these automatics requires the use of a great 
umber of different cutting tools which are accommodated on the six-posi- 
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Tile spindles of such attachments are frequently designed with independ- 
ent axial feed ( 53 ) and rotary motion. The front end of the bar stock passes 
through the precise hole of guide bushing 6 which is mounted. in tool car- 
riage S secured on the bed. Thus, the tools operate immediately in front 
of the stock guide, and vibration and bending of the bar due to the action 
of the cutting force are substantially reduced. Parts of considerable length 
can be turned with this arrangement at a high rate of production. The dimen- 
sional accuracy and surface finish of parts produced by this automatic are 
very high. 

It should be noted that the bar stock used in these machines must be of 
fairly high accuracy; best results are obtained by using centreless-ground 
bars. 

The primary cutting motion (u) is the rotation of the spindle. In turning 
a cylindrical surface the longitudinal feed motion Si is the travel of the 
headstock. Cross feed in cutting off is provided by motion of the vertical 
tool rests or by movement of the rocker. If a contour is generated by simul- 
taneous motion of the headstock and cutting tool, the feed is the geometrical 
sum of the longitudinal and cross feeds (sj and $ 2 ). 

In drilling from the solid, core drilling or reaming, the longitudinal feed 
is the algebraic sum of the longitudinal feeds of the headstock spindle and 
attachment spindle, Si and S 3 . 

Swiss-type automatic screw machines have a single camshaft which con- 
trols both the working and idle movements (first group of automatics). 

Figure 93 illustrates typical parts produced by Swiss-type automatics. 

The principal dimensional data on up-to-date Soviet models of this class 
of machine tool are listed in Table 10. 


TABLE 10 


Model 

Bar capacity, 
mm 

Hange of spindle 
speeds, rpm 

Available 
power, kW 

Net weight, 
kg appro.K. 

1103 

4 

1,600 to 12,500 

1.1 

400 

IB ion 

6 

1,400 to 10,000 

1.5 

610 

i.\i2ri 

10 

900 to 8,000 

9. 9 

800 

11116 

IG 

400 to 5,600 

3 

1,200 

11-125 

25 

250 to 4,000 

5,5 

1,600 


Single-spindle automatic screw machines are designed for the mass pro- 
duclion of finished parts of complex shape from bar stock. 

n.irnuf - Fy these automatics requires the use of a great 

umber of different cutting tools which are accommodated on the six-posi- 
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Tho spindles of such attachments are frequently designed with independ- 
ent axial feed (sg) and rotary motion. The front _end_ of the bar stock passes 
through the precise hole of guide hushing 6 which is mounted in tool car- 
riage 3 secured on the bed. Thus, the tools operate immediately in front 
of the stock guide, and vibration and bending of the bar due to the action 
of the cutting force are substantially reduced. Parts of considerable length 
can be turned with this arrangement at a high rate of production. The dimen- 
sional accuracy and surface finish of parts produced by this automatic are 
very high. 

It should be noted that the bar stock used in these machines must be of 
fairly high accuracy, best results are obtained by using centreless-ground 
bars. 

The primary cutting motion (v) is the rotation of the spindle. In turning 
a cylindrical surface the longitudinal feed motion Sj is the travel of the 
headstock. Cross feed $2 in cutting off is provided by motion of the vertical 
tool rests or by movement of the rocker. If a contour is generated by simul- 
taneous motion of the headstock and cutting tool, the feed is the geometrical 
sum of the longitudinal and cross feeds (sj and ag). 

In drilling from the solid, core drilling or reaming, the longitudinal feed 
is the algebraic sum of the longitudinal feeds of the headstock spindle and 
attachment spindle, aj and S 3 . 

Swiss-type automatic screw machines have a single camshaft w'hich con- 
trols both the working and idle movements (first group of automatics). 

Figure 93 illustrates tj’^pical parts produced by Swiss-type automatics. 

The principal dimensional data on up-to-date Soviet models of this class 
of machine tool are listed in Table 10. 


TABLE 10 


Model 

Bar capacity, 
mm 

Hange of spindle 
speeds, rpm 

) 

Available 
power, kW 

Net weight, 
kg approx. 

1103 

4 

1,G00 to 12,500 

1.1 

400 

lEion 

6 

1,400 to 10,000 

1.5 

610 

1 A 1211 

1 

10 

900 to 8,000 

2.2 

800 

illlG 

IG 

400 to 5,600 

3 

1,200 

11125 

25 

250 to 4,000 

5,5 

1,600 


Single-spindle automatic screw machines are designed for the mass pro- 
duclion of finished parts of complex shape from bar stock. 

ork efficiently handled by these automatics requires the use of a great 
number of different cutting tools \vhich are accommodated on the six-posi- 
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Fig. 94. Singlo-spiiullt* automatic screw machine, model IBllS 


to exclude the possibility of interference of the next tool with the work 
(if the next tool is longer). The automatic has a camshaft which actuates 
all working and a part of the auxiliary motions; it also controls all the 
remaining au.xiliary motions (third group). Plate cams actuate the workiog 
motions of cross slides 4 . The slides are withdrawn by springs to the initial 
position in accordance with the profiles of their cams. 

Lead cam 1 (Fig. 95), located between the bed ways and mounted on the 
lead camshaft, a branch of the main camshaft, actuates the turret slide 
through a lever and rack drive at the given rate of feed. Spring 2 withdraws 
the slide to its initial po.sition when the roller reaches a low point on the cam. 
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Fig. 94. Single-spindle automatic screw machine, model 1B118 


to exclude the possibility of interference of the next tool with the work 
(if the npt tool is longer). The automatic has a camshaft which actuates 
all working and a part of the auxiliary motions; it also controls all the 
remaining auxiliary motions (third group). Plate cams actuate the working 
motions of cross slides The slides are withdrawn hy springs to the initial 
position in accordance with the profiles of their cams. 

Lead cam 1 (Fig 95), located between the bed ways and mounted on the 

of the main camshaft, actuates the turret slide 
tho I'ack drive at the given rate of feed. Spring 2 withdraws 

the slide to Its initial position when the roller reaches a low point on the cam. 
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The turret is indexed, and the bar is 
fed out and clamped by special mech- 
anisms actuated by cams uu high-speed 
auxiliary camshaft 1 (Fig. 96) at the 
rear of the machine. 

Jaw clutch 3 engages the transmission 
of rotation from the auxiliary camshaft 
to the turret indexing mechanism through 
gears 2^ 8 and 7. When clutch if is en- 
gaged, the bar feeding and clamping 
mechanism is driven by the auxiliary 
camshaft through gears 5 and 6. En- 
gagement of the jaw clutches is controlled 
from trip dog carriers (drums) (Fig. 97) 
through a system of levers. 

The operation of the jaw clutch for 
engaging the turret indexing gear train 
is shown in Fig. 97. 

Carrier 2, keyed on the main cam- 
shaft, has a trip dog 2 which can be 
adjusted circumferentially in a T-slot. This trip dog turns lever 3 on the 
other end of which teat i of a screw is pulled out of the groove in sliding 
clutch member 5. Tins releases tlie clutch member so that spring 6 forces 
its teeth into engagement with those of clutch member 8 which is fixed 
on the auxiliary camshaft by dowel pin 7 

The jaw clutches are disengaged at the end of the cycle of auxiliary motion 
that they control 

Machining of the work conscculixely with a number of different tools 
requires, as a rule, changes in the speed and direction of spindle rotation 
during the cycle. In designs of automatics with mechanical controls, a carrier 
on the main camshaft has trip dogs which operate the mechanisms for chang- 
ing the speed and reversing the spindle This is accomplished as in the 
prexious case by the engagement of a jaw clutch on the auxiliary camshaft 
which imparts the necessary motion to the speed-changing mecha- 
nism. 

The speed gearboxes of automatic screw machines of the latest design 
ha\e built-in electromagnetic friction clutches which provide the required 
spindle speed when engaged in the corresponding combination. Changes 
in spindle speeds are co-ordinated with turret indexing by means of a special 
electrical control unit set up beforehand to the required operating 
cycle. 

Typical parts produced by automatic screw machines are shown 
in Fig. 98. 





Fig. 94. Single-spinclle automatic screw machine, model IBllS 


to exclude the possibility of interference of the next tool with the work 
(if the next tool is longer). The automatic has a camshaft which actuates 
all working and a part of the auxiliary motions; it also controls all the 
remaining auxiliary motions (third group). Plate cams actuate the working 
motions of cross slides 4 . The slides are withdrawn by springs to the initial 
position in accordance with the profiles of their cams. 

Lead cam 1 (Fig. 95), located between the bed ways and mounted on the 
lead camshaft, a branch of the main camshaft, actuates the turret slide 
through a lever and rack drive at the given rate of feed. Spring 2 withdraws 
the slide to its initial position when the roller reaches a low point on the cam* 


4-3. SI.N’GLE-SPIXDLE AUTOM.\TICS 


125 


The turret is indexed, and the bar is 
fed out and clamped by special mech- 
anisms actuated by cams on high-speed 
au.xiliary camshaft 1 (Fig. 9D) at the 
rear of the machine. 

Jaw clutch 3 engages the transmission 
of rotation from the auxiliary camshaft 
to the turret indexing mechanism through 
gears 2, S and 7. \Vhen clutch 4 is en- 
gaged, the bar feeding and clamping 
mechanism is driven by the auxiliary 
camshaft through gears 5 and 6. En- 
gagement of the jaw clutches is controlled 
from trip dog carriers (drums) (Fig. 97) 
through a system of levers. 

The operation of the jaw clulcli for 
engaging the turret indexing gear train 
is shown in Fig. 97. 

Carrier 1, keyed on the main cam- 
shaft, has a trip dog 2 which can bo 
adjusted circumferentially in a T-slot. This trip dog turns lover S on the 
other end of which teat 1 of a screw* is pulled out of the groove in sliding 
clutch member 5. This releases tlic clutch member so tlmt spring 6 forces 
its teeth into engagement with those of clutch member S which is fi.\ed 
on the auxiliary camshaft by dov\el pin 7. 

The jaw clutches are disengaged at the end of the cycle of auxiliary motion 
that they control. 

Machining of the work consecutively with a number of different tools 
requires, as a rule, changes in the speed and direction of spindle rotation 
during the cycle. In designs of automatics with mechanical controls, a carrier 
on the main camshaft has trip dogs which operate the mechanisms for chang- 
ing the speed and reversing the spindle. This is accomplished as in the 
previous case by the engagement of a jaw clutch on the auxiliary camshaft 
which imparts the necessary motion to the speed-changing mecha- 
nism. 

The speed gearboxes of automatic screw machines of the latest design 
have built-in electromagnetic friction clutches which provide the required 
spindle speed when engaged in the corresponding combination Changes 
in spindle speeds are co-ordinated with turret indexing by means of a special 
electrical control unit set up beforehand to the required operating 
cycle. 

Typical parts produced by automatic screw machines are shown 
in Fig. 98. 



Fig. 95. Upcmtion of tlio turret sUdo 
In .iutomalic screw* machines 




Fig, 96, Automatic screw machine (viewed from the side of the auxiliary rear camsliaft) 



View facing arrow 



Fig* 98. Typicul ]i.irls produci'd by automatic sc^c^v iiiacliiiics 
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The principal dimension of these automatics is the bar capacity. The 
main dimensional data on up-to-date models of automatic screw machines 
manufactured in the Soviet Union are listed in Table 11. 


TABLE 11 


Model 

Bar capacity, 

1 mm 

1 

Range of spindle 
speeds, rpm. 

Available 
power, kW 

Net weight, 
kg approx. 

lBll‘2 

12 

475 to 5,900 

2,2 

1,020 

1B118 ! 

IS 

375 to 4,675 

2,2 

1 ,050 

1B125 

25 

200 to 3,150 

5,5 

2,300 

1B13G 

30 

100 to 2,500 

5,5 

1,750 

IB 140 

40 

160 to 2,500 

5,5 

2,300 

11G5 

05 

50 to 1,600 

10 

3,000 


4-4. Multiple-Spindie Horizontal Automatic Bar 
and Chucking Machines 


Multiple-spindle automatics are designed for the mass production of parts 
from bar stock or separate blanks, the distinguishing characteristic being 
that several workpieces are machined at the same time from as many bars 
or blanks. As to the type of stock or blanks they machine, they are classified 
as bar-type and chucking {magazine) machines. 

According to their principle of operation, horizontal multiple-spindle 
automatics are classified as parallel- and progressive-action. 

In the parallel-action automatics the same operation is performed simul- 
taneously in all the spindles. Thus, during one operating cycle, as many work- 
pieces are completed as there are spindles. Such machines are used for pro- 
ducing comparatively short parts of simple shape from bar stock. 

A typical representative of the parallel-action automatics is the four- 
spintlie automatic cutting-off machine, model 1240-0 (Fig. 99). This type 
of machine is also known as the four-spindle straight automatic bar machine. 

i oun e on base 6 is headstock 2 Avith four rotating spindles (primary 
cutling motion u) arranged in one line in a vertical plane. Each spindle has 
stock feed and chuck operating mechanisms. The stock feed mechanism 
ir ^nmv Supporting mechanism J and is operated by pneumat- 

clamping the bars are controlled by the 

travef for machining the work in all four spindles, 

(cro< 5 s feed A Fm-m i ^ 1 These slides have only crossAvise motion 

other The f ® clamped in one tool slide and cut-off tools in the 

other. The headstock and rear upright are joined together by top brace S 








I'V. Oa. Four-siiimJJe ou(oiuatfe cu((ing-o{r macWfio, wodcl 12-iO-O 



. 100. Positions of a multiple-spindlo progressive-action automatic 


up a rigid frame. The top brace also houses the camshaft, which 
working and idle motions of the operative units, 
nshaft has two speeds of rotation (automatic of the second group), 
aacliines are used to produce the same type of parts made by single- 

utting-off machines (Fig. 93). The principal dimension of these 
IS the bar capacity, 

progressive-action automatics each spindle with its blank or stock 
1 consecutively to all the positions. One nr several operations are 

according to the sequence of machining opera- 
biished in the setup (Fig. 100). 

mounted in the spindle carrier which turns 
ent an angle equal to the central angle between 

in nnp fill designed so that the work is completely 

lach the spindle carrier, one part being pro- 

le Inr-tvno ^ positions is the loading or feeding posi- 

bar is fed finished workpiece is cut off in this posi- 

uckini^^fmiTnl^npf^® clamped by the collet chuck, 

the lolidini^inSf the finished part is released by the 

' positfons design of the automatic for two loading 

irough only one 

of the available positions, during which time 
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it is completely machined. Thus, two workpieces arc completely machined 
at the same time during one full revolution of the carrier, two ^^o^kpieces 
Lcing produced at each indexing. This procedure, known as parallel-pro- 
gressive-action, is applicable in making parts of simple shape at a high rate. 

In the type and size range established for Soviet manufacture, multiple- 
spindle horizontal automatic chucking machines are referred to as semiauto- 
malics even though the construction of tho latest models incorporates facil- 
ities for magazine feed, a feature that converts such a machine into a fully 
automatic machine tool. This is due to the fact that a magazine feed cannot 
he a general-purpose device, i.e., suitable for all sizes and shapes of blanks 
that can be machined in the automatic. In construction these semiautomatics 
are almost the same as the automatics, the dificrence being in the manual 
loading of the blank and the absence of a cross (cut-ofi) slide in the loading 
position. 

The principal dimeoaion of the bar machines is the bar capacity: that 
of tho chucking machines is the chuck diameter. 

Brief spcciiications for Soviet automatic and semiautomatic multfple- 
spindlo machines are listed in Table 12. Typical parts produced by these 
machines are illustrated in Fig. 101. 

Figure 102 is the general view of a six-spindle horizontal automatic bar 
machine, model i265M-6. The machine is intended for producing complex 
parts from bar stock with high-speed steel and carbide-tipped cutting tools. 

Headstock 3 and gearbox 5 are mounted on base 1 and are linked together 
rigidly by top brace 4. This frame-type design provides ample rigidity and 
convenient arrangement of the principal parts. 

The top brace bouses tho camshaft which has two speeds of rotation: slow 
rotation for working feeds and high-speed rotation for idle motions (auto- 
matic of the second group). 

The headstock contains the indexing spindle carrier in which six spindles 
are mounted. Tho spindle carrier is indexed and locked in each position 





Fjf. 101. Tjpical parts produced Ly multiple-flpindle automatics 
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TABLE 12 


Model 

Bar capac- 
ity, mm 

Number 
of spin- 
dles 

Range of spindle 
speeds, rpm 

Available! 
po%ver , 

1 1 

Net weight, 
kg approx. 

Remarks 

1216-6 

16 

6 

Up to 5,000 

10 

3,500 ■ 




20 

4 

Up to 5,000 

10 

3,500 



1220-8 

20 

8 

210 to 2,820 

13 

6,200 



tA225'6 

25 

6 

Up to 3,500 

13 

5,700 ! 



1A240-8 

32 

8 

177 to 2,640 

13 

9,000 


Can be built 

iA240-G 

40 

6 

141 to 2,555 

13 

9,000 


into an auto- 

1A240-4 

50 

4 

125 to 2,275 

13 

8,700 


matic trans- 

1265M-8 

50 

8 

97 to 2,200 

30 

13,500 


fer machine 

1265I1I-6 

65 

6 

73 to 1,590 

30 

13,500 



1265M-4 

80 

4 

61 to 1,200 

22 

13,000 



1A200-6 

100 

6 

70.5 to 930 

30 

17,600 



1. 4290-4 

125 

4 

54.5 to 810 

30 

17,000 

1 



l)y special mechanisms driven from the camshaft. Spindle rotation (primary 
cutting motion v) is powered through the central drive shaft from mecha- 
nisms housed in gearbox 5. 

The bars are held in stock reel 2 and their front ends are clamped in the 
spindle with collet chucks controlled by the camshaft. 

The bar stock is fed out in the sixth position (see Fig. 100) to the stock 
stop which is automatically shifted to a position in line with the spindle 
immediately before the bar feed and is then retracted. The movements 
of the stock stop and the bar feeding mechanism are also controlled by the 
camshaft. Six cross, or side, slides 7 travel along guides (cross feed ^ 2 ) mount- 
ed on the front end face of the headstock. Toolholders with form and cut-off 
tools are clamped in the slots of the cross slides. Cross slide travel is con- 
trolled from the camshaft through a lever system \vhich enables the travel to 
be varied in the range from 0 to 22 mm using a constant cam (Fig. 103). 

Such operations as straight turning, machining the central hole and cutting 
internal ^^nd ext^nal threads are performed by tools mounted on main 
tool slide 5 (see Fig. 102) which slides along a stem, press-fitted into the 
spindle carrier, and a guide on the top brace. The faces of the main tool 
slide have dovetail guides for clamping stationary toolholders and for 
guiding travelling toolholders. The motion of the main tool slide (lon- 
nism effected from the camshaft through a special mecha- 

The mam slide drive (Fi^g. 104) provides for rapid approach (and withdraw- 
al) over a distance of 120 mm and working feed wit^h a travel that can be 










Fig. 102. Six-splodlu horizontal automatic bar roaciiiiic, model 12ooM-d 


varied in the range from 20 to 80 mm. Rapid approach and uithdrawal of 
the main tool slide arc cflcctcd by the motion of carriage 1, linkt'd through 
roll 2 with a cam on the camshaft. At this lime feed le\er5 is held ?tationar>* 
and pinion 6, running along rack 7, advances rack 8, linked to the main 
tool slide, oNer a distance twice that of carriage tratel. Rapid approach 
continues until the carriage runs up against a stop screa- luvt shown in 
Fig. lO'i). Next, by means of roll 4 another cam on the cacishaft actuates 
feed lever 5 which begins to turn slowly. The movecea: •.[ rack 7 leads 
to moveniont of rack S and the main tool slide. The di^ra-ce of travel, i.r 
stroke, of the main tool slide is set up by adjusting the p'-iit:.m of tie-red J 
in the slot of lever 5, and can be read off on the adjacent :K:i;e. During rapki 
withdrawal, the lever and carriage return simultarf Lriy to their 
positions. 
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The spindles of the automatic rotate at 
a speed which is constant for the given setup. 
The spindles are not reversed during the cycle! 
For this reason, a tool spindle is used in 
drilling holes of small diameter. Tool spindle 6 
(see Fig. 102) is mounted in a travelling 
holder on the main tool slide. Tool spindles 
are driven from the gearbox through long 
spline shafts. 

Tool spindles installed in the sixth and fifth 
positions may have independent feed (see 
Fig. 100), i.e,, independent of the main tool 
slide. The roll of sector 2 (Fig. 105) is in 
constant contact with the profile of the work 
cam. The sector swivels on a stationary pin 
and transmits motion through adjustable link, 
or tie-rod, 8 to lever 4 which, in turn, is linked 
Fig. 103. Cross slide feed drive by tie-rod 5 to the travelling holder 1 carrying 
in the model 1240-6 automatic spindle. The travel of this spindle is 

varied by adjusting tie-rod 3 along the slot of 
sector 2 . 

Threads can be cut either with self-opening die heads and self-collapsing 
taps or with solid dies and taps but employing the “overrunning” method. 
Self-opening die heads and self-collapsing taps are mounted on tool spindles 
whose feed is effected with a special threading cam set up in place of the 
feed cam. When the thread has been cut to the required length, a stop 
trips the tool which opens or collapses and then is rapidly returned to the 
initial position. 

The overrunning method, when used to cut right-hand threads, consists 
in rotating the tool spindle in the same direction as the work spindle but 
at a slower speed. The tool is advanced to the work by the starting cam. The 
lead of the tap or die then draws the tool spindle to follow the thread so that 
the tap screws into or the die screws onto the work. When the tap or die 
reaches the required length of thread, a clutch is automatically thrown 
to change the speed of tool rotation which is increased above that of the 
work spindle. As a result the tap or die is withdrawn from the work. Thus, 
thread cutting by the overrunning method requires that the tool 
have two speeds of rotation: fast and slow. This is accomplished hy 
automatically shifting a jaw clutch in the drive gear train of the too 



spindle. _ , 

The automatic is equipped with a screw-type chip conveyer tor 
disposal. It is arranged in the base and has a separate drive. 


chip 
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4-5. Single-Spindie Semiautomatic Lathes 

Depending upon the method for clamping the work semiautomatic lathes 
are classified as centre and chucking types. 

Centre-type semiautomatics are employed to machine long blanks (for 
example, long stepped shafts) which are held between the headstock and 
tailstock centres. Short blanks of large diameter can be more conveniently 
held in a chuck on the chucking type of machine. 

This classification is conventional, however, in that a chuck may some- 
times be installed on the centre-type machines, and a tailstock with a centre, 
on the chucking type. 

Most single-spindle semiautomatics are of the horizontal type. 

Work of complex shape can be turned by several single-point tool simul- 
taneously (Fig. 106) or by one single-point tool mounted on a tracer-con- 
trolled slide and operating to a template (Fig. 107). According to this feature 
semiautomatics can be classified as multiple-tool and tracer-controlled 
types. 

Parts with a central hole can be efficiently machined in a semiautomatic 
turret lathe having a saddle with a multiple-face turret. 

The automaticity of the working cycle of a semiautomatic may be based 
either upon mechanical or hydraulic systems. 

Provision is made in the designs of up-to-date semiautomatic lathes for 
equipping them with automatic work loading and unloading devices, thereby 
converting them into machine tools with a fully automatic cycle, i.e., into 
automatics. 

The principal dimensions of single-spindle semiautomatic lathes are the 
maximum diameter of workpiece accommodated over the carriage and the 
maximum length of workpiece admitted between the centres. 

Figure 108 illustrates the single-spindle semiautomatic lathe, model 1730, 
whose automaticity is achieved by mechanical means. It is intended for 
turning blanks between centres with high-speed steel or carbide-tipped 
single-point tools. The general arrangement of the units is the same as for 
an ordinary lathe. Bed 2, mounted on base 7, carries headstock 5 and tail- 
stock 3. Front carriage 4 travels longitudinally along the bed ways. The 
rear carriage feeds crosswise and is employed for facing, cutting off, groov- 
ing, etc. Figure 109 shows the gearing diagram of the semiautomatic lathe. 

The spindle is powered from a 10-kW motor, running at 1,455 rpm, 

through V-belts, change gears and bevel gears . Change gears a and b 
serve to set up the speed of the main drive. 

Working feed of the front carriage (longitudinal feed Sj) is accomplished 

through the following gear train: spindle, gears ^ X X change 

/v> bo 7o 
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Fig. 100. MuUi|>Iv-toul turning uporalion 



Fig. 107. TracciMToiitroUed tunung oporation 


gears -j, gears ^ (with jaw clutch i engaged)* overrunning clutch 2, and 

gears sg to the lead screw with t = 12 ram. The required rale of feed is ob- 
tained by the selection of change gears c and d. 




S8T 7ST 



I'ig. 100. Gcan/ii? diagram of tho model 1730 semiautomatic lathe 
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Fig. 110. ilydraullc multipic-luol semiautomatic ccnirc-typo lalLo 


The rear (cross-feed) carriage has feed motion ooly upon the feed of the 
front carriage from which it is driven. A gear rack with a modulo of 4 mm, 
fastened to the front carriage, rotates a pinion witli 15 teeth. Power is trans- 
mitted further through gears ^ X and change gears to cylinder 

cam 3. Roll secured to the rear carriage, enters the helical slot of 
cam 3. Change gears e and / can ho selected to obtain the required cross 
feed ( 52 )- 

Rapid traverse movements of both carriages aro powered by a separate 
1-kW motor running at 1,450 rpm. The provision of overrunning clutch 2 

permits rapid rotation to bo transmitted through gears ^ , overrunning 

clutch 2 and gears ^ without disengaging clutch I. 

Safety clutch 5 protects the mechanisms against overloads. The carriages 
can bo traversed manually by turning handwheels 6, 7 and 8 in setting up 
the semiautomatic. 

The automatic operating cycle of the lathe consists of rapid approach, 
working feed, rapid return of the carnages to the initial position and stop- 
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Fin. ill. llydr.iiilic (laccrciiiilrDllcil .si'iiiiaiiloniiilic cciitro-typo latiio, niodt'l 1708 


piiii; of I lie work .spirullo. After llii.s the operator removes tlio rmishocl work- 
piect', loiut.s a new blank ami starts the lathe again. 

'Pho antoinatic cycle is controlled by the .special electric control system 
lion.sed in cabinet (1 {.see I'ig. 108) which is arranged conveniently at the 
front of lbi> lathe. 

The lengths of travcd at working feed and rapid traverse are set up for 
botli carriages by setting trip dog.s on a rack in the control system. 
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Two models of singlo-spindlc semiautomatic lathes of this type are manu- 
factured at present in the USSR; their principal dimensional data are listed 
in Table 13. 


TABLE 13 


Model 

Maximum viorl^plccc 
diameter o\er carriage X 

X maximum Icnt^lh of 
vkorkpicce, mm 

nature of »pindle | 
rpm 

Available 
power, kW 

Net welsbt. 
kS approx. 

1M720 

200x320 

l-tG to 1.4U0 

7.5 

2,000 

1D713 

320 X 500 

lUO lo l.COO 

13 

3.700 


Single-spindic semiautomatic lathes whose automaticity is based on a hy« 
draulic system have found extensive application in recent years. The use 
of a hydraulic system in the feed drive facilitates automation of the cycle 
and simplifies setting up, substantially reducing the setting-up time. The 
hydraulic semiautomatic lathes produced in the Soviet Union include both 
multiple-tool and tracer-controlled models. 

The general view of a hydraulic inulliplo-tool semiautomatic centre-typo 
lathe is shown in Fig. 110. Dod 7, which carries the principal units of the 
lathe, is mounted on legs / and 3. Mounted at the left on the bed Is the head- 
stock S with the speed gearbox which imparls M different speeds to the 
spindle. Speeds are changed by means of two sliding double cluster gears 
and change gears. 

Tailstock 5 W’ith a running centre is mounted at the right on separate 
ways of the bed. The tailstock spindle is actuated by a hydraulic cylinder. 
Tailstock spindle travel is controlled from the lever with head 4. 

Upper 6 and lower 2 tool slide carnages are tra\crsed along the inclined 
ways (15® from Uie vertical) of the bed by hydraulic cylinders mounted 
at the left end. Each carriage has longitudinal working feed (y,) and rapid 
traverse movements, cross feed (sj), and angular and straight infeeds. Tlio 
tool relief mechanism withdraws the tools rapidly from the work at the 
completion of a cut so as not to mar the nidchincd surface when the tools 
return to their iuitial position 

Tracer-controlled semiautomatic ccnlrc-type lathes (Fig 111) differ from 
the multiple-tool models in that they have a tracer-controlled tool .«lidc I 
by means of which a workpiece of complex shape can be turned with a single 
point tool to a template or master mounted on the lathe Facing and groo\ ing 
operations are performed by one or two lower slides which are fed in with 
a rocking motion. The operation of tho hydraulic system of these scmiaulo- 
tnatics is considered in detail in Vol. IV, Pari Six. 











Maximum workpiece 
diameter X maximum 
length of workpiece, 
mm 


200x500 

250x710 

320x1,000 
320 X 1 .400 
320x2,000 


Range of spindle speeds, 
rpin 

Available 
power, kW 

200 to 2,000 or 

10 

400 to 3,200 


100 to 1,600 or 

17 to 22 

250 to 2,500 


1 63 to 1,250 

30 to 40 



3.600 

4.600 
6,500 

'e.soo 

7,200 
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Fig. 113. Single-spindio scmiaulomatic chucking machine, model 142o 


Table 14 lists the principal dimensional data on hydraulic semiautomalics 
made in the Soviet Union. 

Semiautomatic turret lathes, commonly called single-spindle semiauto- 
matic chucking machines, are designed for machining work having a central 
hole. Available models of such semiautomatics difler in the layout 
of the principal units and in the method by which the working cycle is 
automated. 

A semiautomatic lathe (called an automatic chucking machine by its 
manufacturer) with an arrangement similar to the ordinary turret lathe with 
a vertical axis of turret indexing is shown in Fig. 112. All working and aux- 
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Castings and forgings of various types arc machined 
in vertical seiniautoniatics. The most common opera- 
tions are turning and facing, boring, recessing, core 
drilling and reaming. Thread cutting is much less 
frequent. 

Until recently, progressive-action multiplc-spindlo 
vortical semiautomatics, produced in Iho USSR and 
other countries, had automatic features based on 
mechanical means (Fig. 115). 

On base 1 of the machine are mounted spindle car- 
rier 2 (enclosed by shields in the figure) with rotating 
spindles 3 (primary cutting motion n) and stationary 
column 7 having as many faces as Ihero aro spindles. 

With the exception, of the face at llio loading station, 
guides are secured to the column faces on \shich the 
tool-carrying heads 6 travel. These beads have lon- 
gitudinal (;])i cross (jj) or compound («t, working 
feeds, as \>cll as rapid approach and withdrawal. The 
machine is driven by motor -I, mounted on the top 
of the column, tiiruugli a central shaft which controls 
all the movements of tlio machine. 

At each station the spindio rotates al a speed and 
the tool heads travel at a feed that arc set up before- 
hand to suit Iho machining operations being performed 
al the given station. Spindlo rotation is disengaged at 
the loading station. 

The spindle carrier is indexed by a link gear 
controlled by the central shaft. Feed works haso 5 is mounted on tho 
column and houses the speed and feed gearboxes. 

New features of the latest models of progressive-typo multiplo-spindlo 
vortical semiautomatics include elcclrobydraulic controls by means of 
electric control units, and hydraulic clamping facilities. 

At each station the tool heads have two different rales of feed, high and 
low, in Iho course of the cycle, as well as rapid approach and withdrawal. 
Tlio spindles have two series of speeds. Tool head travel is effected by a screw 
anil nut; feeds are controlled by electric control units. Tho spindle carrier 
is indexed by a Geneva motion. Tho design provides for tho possibility 
of automatic loading and for building the machine into a transfer machine. 

Uric! specifications of muUiple-spindle vertical progressive-action scraiau- 
toinatics produced in tho Soviet Union are given in Table 15. 

In the niuUiplc-spindlc vertical semiaulonialic lathes of the continuous 
typo (Fig. IIG) tho spindle carrier and miiftiple-facc outer column with the 
tool heads are an integral whole and rotate continuously about tho station- 



Fig. 114. Principle 
of (lie scoilautofflntic 
iiiuhiplc-spindlo ver- 
tical progressive- 
action chucking ma- 
chine 
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TAULE IS 


Model 

, Matliaum dtam' 

1 etcr o( Eurfnee 
turned, mm 

Number ot 
Eplndle* 



Net welitht, 
iff oppros. 

IK2S2 

250 

8 

42 to OSO 

22 to 55 

17,500 

1283C 

250 

to 

42 lo 9S0 

22 lo 100 

19,500 

12S3 

400 

S 

13 to b35 

22 to 100 

19,900 

12S4 

400 

G 

21 to 184 

22 

14,500 

12SG-8 

500 

' 8 

32 to 500 

40 lo 100 

32,000 

12SG-0 

C30 

C 

25 to lOU 

40 lo lUO 

35,000 

12S0-4 

800 

4 

20 to 315 

loo 

42,000 



ary inner column. Thus each spindle has its own tool head from which the 
machining operations are performed. The operating cycle is planned 
so that a workpiece is fioished in each spindle in the time it takes 
the carrier and outer column to make one full 
revolution. Thus machining is coinpicled as the spindle 
enters the loading zone. Here spindle rotation is first 
automatically disengaged, the work is released in the 
clamping facilities and tlic corresponding too] head is 
rapidly withdrawn to its upper position. Next, the 
operator removes tiio finishcii uorkpiecc and loads 
a new blank. Tin's is followed by automatic clamping 
of the blank, the spindle starts to rotate again and 
the tool iicad rapidly approaches the blank- 

If this machine is equipped with an automatic 
loading and unloading device it becomes a fully 
aiHomalic machine tool. 

Figure 117 illustrates the gearing diagram of the 
six'spindlo continuous-type vertical scimaulomalic, 
model I2S5. 

Central stationary inner column 7 is mounted on 
base /. Column 7 serves as a pivot about which the 
spindle carrier with work spindles 0 and the hexagonal 
outer column 8 with tool heads 3 rotate. The spindle^ 

(main cutting motion v) arc powered from motor 2 
through a gear train. Spindle speeds, coii>tanl for 
each setup, arc obtained by selecting the rcijuired 
change gears A and D. 

Tile outer column and carrier arc rotated by 
drive from a separate motor 10 through reducing 
gear II. The last elcmcut io this gear tram is a worm 


I 


yazhtpin^ zops 



Fig UG. Pnncijile 
of (lip M'niiautuniatic 
rniiJ({f']p-5pui(H(' »cf* 
tical j>p 

cliuckiiig inacliiiic 


10* 
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autojiatic and semiautomatic lathes 



Fig. 117. Gearing diagram of the model 1285 vertical semiautomatic 


gearing arrangement. Change gears C, D, E and F are used to set up the 
speed of rotation of the carrier, i.e., the cycle time'. 

The tool heads are operated from the constant cams of a static nary drum 6. 
Through roll o and tie-rod 4, motion is transmitted to the tool slide of each 
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Fig. IIS. Operation of a parallel- 
action tool v>ith horizontal feed 



Fig. 119. Tooling layout 
for a stepped shaft on a 
continuous-type % ertical 
setniautoDiatic 


head travelling on guides of the stationary member secured to tho face of the 
outer column. 

The initial position of the tool slido is set up by hand using the bevel 
gearing, screw and nut. Available tool heads includo tho standard plain 
typo for vertical feed (Si) and rapid traverse only, and tho parallel-action 
compound typo for either vertical or horizontal (s,) feed. 

The principle of operation of a parallel-action tool head for horizontal 
feed is shown in Fig. 118. Bracket 1 with its adjustable tie-rods 2 is actuated 
by tho feed drum cams. The tie-rods move plates 3 which have inclined 
slots for rolls The rolls are secured in tool slides 5 carrying the cutting 
tools. Thus, when the plate is moved up or down the tool slides travel 
horizontally to the right or left. Since the cams are constant on the drum, 
tho rate of working feed or rapid traverse depends upon the speed of rota- 
tion of tho carrier and column, i.c., upon the set-up cycle time. 

Tho tooling layout for a stepped shaft, produced in a continuous-type 
vertical semiautomatic, is shown in Fig. 119. 

Tho now hydraulic si.\-spindle vortical semiautomatic lathe, model 1272, 
can operate with cither a semiautomatic or an automatic cycle. In the latter 
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1 Muxhiiiim 
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IA2TJ, 

2 r>() 

(1 

Up to 1 ,2.'30 

7,.'> to IS (each 
spindle) 

17,000 

I27;j 

1 

220 

0 

Up to 1,000 

10 to 17 (each 
spindlo) 

19,000 

127.') 

rm 

0 

fjp to (i.’iO 

U{) to 100 

20,000 


ciKSo, tho hladk i.s ioatlod and iJio luiialiod workpiece is unloaded by a loading 
allacli/nenl (auloinalic liandling device). This /node! has longitudinal car- 
riag(!s anti cross- feeding slides wliicli considerably extend its processing 
capacities. Tho carriages and slides are hydraulically operated and the 
cycle is (oni|,r(>lled by a tractsr system. Tliis principle enables loading and 
nnloadijjg to be carried out with tlie carrier in a lixed position Uiongii machin- 
ing conliiKKis on tho oLlier spindles. Tliis simplilios tho construction of the 
automatic handling device and makes its operation more reliable. 

'I’lie operation of the hydraulic tool slides is taken up in detail in Vol. IV, 
I’iu'l Six, Table 1(5 lists brief spocilications of the multiple-spindle contin- 
tiou.s-typo vortical semiautomatics manufactured in tho USSlt. 











CHAPTER 5 

DRILLING MACHINES 


S*1. Purpose and Field of ))ppIIcation 
of Drilling Machines 

Drilling raacliinos are designed for producing through and blind holes 
in solid material, for finishing (core drilling and reaming) rough holes made 
in the blank by drilling or other methods, as well as for tapping threads, 
countetbonng, countersinking and spolfacing. 

Employing special tools and attachments, drilling machines can bo used 
to boro holes, cut out large holes in sheet metal by trepanning, lap precise 
holes and perform other operations. 

Drilling machines find application in machine, assembly and repair shops, 
and in toolrooms of engineering plants, as well as in maintenance depart* 
monts ser\ icing transportation facilities, building and agricultural machinery. 

Holes arc machined in drilling machines with twist drills, core drills, 
reamers, countersinks, counterbores. spotfacers and other tools; threads 
are cut with taps. 

The following types of general-purpose drilling machines are aNailable: 
(1) bench-typo drill presses (single-spindle); (2) upright drill presses (single- 
spindle); (3) radial drills; (4) gang drills; and (5) dccp-holc-drilling (hori- 
zoutal-drilUng) niacUiues. 

Most widely used in the general engineering industries are the upright drill 
press and the radial drill. 

The principal dimensions of a drilling machine are the drilling capacity 
in steel of medium hardness with a tensile strength ol = to 00 kg 
per si; mm, the size of the taper in the spindle socket, the distance from the 
spindle centre to the face of the column (overhang), and the distances from 
the spindle nose to the table and to the base 


5*2. Upright Drill Presses 

Brief specifications of up-to-date Soviet upright drill presses are gi\en 
in Table 17. 

The primary cutting motion v of these machines is the rotation of the 
spindle which holds the cutting tool, while the feed motion St is the axial 
motion of the spindle (Fig. 120). 
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TABLE 17 


Model 

Drilling 
cajmcltv iri 
steel (tensile 
strength 
!= 0 U to 

00 |{g/mm2), 
mm 

Range of spindle 
speeds, rpm 

Available 
power, kW 

Net weight, 
kg apiJrox. 

Remarks 

2111030 

3 

2,000 to 16,000 

0.27 

40 

Bench-type 

2111000 

0 

1,000 to 8,000 

0.4 

70 

Bench-type 

201120 

12 

500 to 4,000 

0.6 

130 

Bench-type 

20118 

18 

180 to 2,800 

1.5 

450 

Upright 

20125 

25 

45 to 2,000 

2.2 

800 

Upright 

20135 

35 

31.5 to 1,400 

4 

1,300 

Upright 

20150 

50 

22.5 to 1,000 

7.5 

2,250 

Upright 

20175 

75 

18 to 800 

10 

3,500 

Upright 

201350p 

35 

35 to 1 ,400 

4 

1,700 

Upright with nu- 
merical controls 

2P1320p 

35 

35 to 1 ,400 

4 

1,000 

Upright withhnu- 
mcrica( controls 
and turret 

2H175r 

75 

18 to 800 

10 

3,700 

Upright, turret- 

type 


The workpiece is placed on the work table or directly on the base. The 
axis of the hole to bo machined is aligned with the spindle axis by moving 
the workpiece along the table or base. 

The principal units of an upright drill press (Fig. 120) are: column 2, 
liase 1, speed gearbox 5, spindle 5, feed gearbox and feed mechanism 
and work table 6. 

The column is a hollow box-shape casting which is mounted rigidly on 
the base and carries all the other principal units. Vertical ways are provid- 
ed on the front face of the column for the sliding spindle head and the 
table. The electric control devices and the spindle counterweight are housed 
in the cavity of the column. 

The base is the footing which supports the whole machine. In medium 
and heavy-duty drill presses, heavy workpieces are placed on the top sur- 
face of the base. The cavities of the base serve as a reservoir for the cutting 
fluid. 

1 he speed gearbox usually consists of sliding gears which are engaged 
in various combinations to obtain the different spindle speeds. The spindles- 
of modern drill presses run at 6 to 12 different speeds obtained by a combi- 








Fig. 120. Upngbt dnil preas, inoJd 21! 135 \ 
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I'ili. 121. Spoed gearbox of an upriglit drill piuss 


iialioii of a .speed gearbox and a single- or lwo-.specd drive motor. A stepless 
variahle-.speed drive ha.s been used on certain models in place of the 
speed gearl}Ox. The .speed gearbox of an upright drill is shown iii 
lig. 121. Housing y i.s fastened to the top of the column. The drive motor 
is mounted on cover of the gearbox; it is linked through flexible coupl- 
ing 6' wilh this input .sliaft of the gearbox. Six different speed.s are imparted 
to liollow .sliaft -2 (with a single-speed drive motor) by shifting two sliding 
{•luster g(>ar.s 7 and S. This hollow shaft has internal splines which transmit 
(■(jtation to tlio spindle. Change gears 4 and 5 enable a higher range of spindle 
.speeds to bo obtained. This feature proves highly efficient in machining 
workpieces of nonferrous metals, 

Sj)iiidie / (Mg, 122) has a spline .shank which lits the spline hole in the 
hollow .'^luift of the speed gearbox and rotates together with this .shaft. At 
the .same lime the spindle can travel in the axial direction to provide the 
feed motion. The cutting tool is held at the lower end of the spindle, cithei 
directly in the tapered socket, or in a sleeve or otlier attachment. 

The considerable axial loads developed in drilling are taken up in light 
machines by angular-contact ball bearings; in medium and heavy-dutj 
machines, ball or roller thrust bearings 3 are used for this purpose. These 
bearings are mounted in quill 2 which imparts the axial motion to the 
spindle and is traversed ijy a piniou-and-rack drive from the spindle feec 
moclianism. 
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The feed gearbox provides the range of spindle feeds 
required in inacliiniiig witli various loots. Depending upon 
the size of tho machine the spindle may ha\c from 4 
to 12 difleronl rates of feed. The feed gearbox is powered 
■directly from tho spindle or from a shaft of tho speed gear- 
box linked to the spindle through a constant transmission. 

In existing constructions of feed gearboxes the required 
spindle feed is obtained by shifting sliding cluster gears, 
by engaging and disengaging clutches in various combi- 
nations, or by gear cones and a sliding key. Tho feed 
gearbox is located, as a rule, in tho sliding spindlo head. 

The feed mechanism in upright drill presses provides for 
power and hand feeds of tho spindle. When power feeds are 
engaged a clutch links the output shaft of tho feed gcarbo.x 
to the spindle quill. When manual feed is engaged, rotation 
is transmitted directly from the handwheel or pilot wheel 
to the pinion which meshes with the rack of the spindle 
quill iiypasslug the power feed gear train. The mechanism 
is equipped with a de\ico for automatically disengaging 
power food when the preset depth of machining is reached. 

The tabic uf the drill press is the unit on which the work- 
piece is clamped. It can be adjusted vertically along the 
column in most models, and can bo swung out of tho way 
in macliiiios with a round column to euablo heavy work 
to he placed directly on the base. The table is mounted on 
the column ways (box column), on the column itself (round 
Column) or it is of box shape and is mounted on tho base. 

The table of models designed for lot jiroductioii can be 
lra\erscd with the clamped uorkpicco in the longitudinal 
and transverse directions (compound tabic). This construc- 
tion permits a series of holes to bo machined without 
setting up and clamping tho work for each hole. 

Special programme-controlled tables (soinclinies called 
spacers) arc available for drilling a series of boles in a 
workpiece without resorting to a jig. First tho co-ordinate 
rlimensions of the holes are set up aud then the table and 
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saddle are automatically positioned for each hole in a definito sequence. 
This procedure is repeated for each workpiece of the lot. The accuracy with 
which the holes are positioned under the spindle is approximately that 
achieved when a jig is used. 

A considerable part of the handling time in hole-making operations is 
spout in changing the cutting tools. The use of a quick-change chuck, enabling 
tools to bo changed without stopping the spindle, substantially reduces 
this handling lime. The degree of aulomaticity of the machine, however, 
is not increased since tool changing is still done by hand. 

The degree of antoinaticity can bo increased if the upright drill press 
is equipped with a special turret which is indexed and locked automatically. 
In this case, automatic control of the spindle speeds and feeds is also re- 
quired. Promising in this line is the now upright drill press, model 213135, 
designed in the ENIMS Institute. The speed gearbox of this machine is 
equipped with noncontact electromagnetic clutches which automatically 
change spindle speeds. In place of the ordinary step-typo feed gearbox, 
a magnetic-particle clutch is incorporated in the feed gear train, enabling 
spindle feeds to be automatically controlled in a stepless range. An overrun- 
ning mechanism is provided in the food gear train for hand traverse of the 
spindle. 

A drill press of this typo can bo readily built into an automatic transfer 
machine or automated production lino. 


5-3. Radial Drills 

Padial drills are intended for machining large heavy work with a great 
number of cutting tools in piece and lot production. They differ from the 
upright drill press in that the spindle axis is made to coincide with the axis 
of the hole being machined by moving the spindle in a S3'’stem of polar co-ordi- 
nates to the hole wliile the work is stationarjn The layout of the prin- 
cipal units (Fig. 123) is such that the spindle with the tool can be easily 
moved to any point within the working zone by traversing drill head 5 
along the ways of arm 4 and swivelling the arm about column 2 . 

Uriel specilicalions of radial drills manufactured in the Soviet Union 
at the present time are listed in Table IS. 

Models 2H53, 21155, 2M57 and 2i\I58 are general-purpose radial drills. 
In some models the arm has no vertical movement on the column. They 
can be efficiently used for drilling comparatively low work of large area 
or plates. Models 21U55 and 211157 arc of the portable type and intended 
for inachining holes in very largo workpieces. These portable radials are 
carried to the place of work bj-^ a crane. Thej’^ have swivelling arms and heads 
and can drill vertical, horizontal and inclined holes. 
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table is 


Model 

Drilling 
capacity in 
steel (tensile 
strength 
djj = 50 to 

00 

mm 

Distance, 
spindle to 
column, 
mm 

Range of spindle 
sj)ceds, rpm 

Available 
power , 
IcW 

Net weight, 
bg approx. 

Remarks 

2H53 

35 

1,250 

40 to 2,500 

2.2 

3,000 


2H55 

50 

1,600 

20 to 2,000 

4 

4,000 


2H55np 

50 

1 ,600 

20 to 2,000 

4 

4,000 

With numeri- 







cal controls 

2M57 

75 

2,000 

12.5 to 1,600 

7.5 

10,000 


2^[5S 

too 

3,150 

10 to 1,250 

13 

18,000 


21U55 

50 

1,600 

10 to 1,000 

4 

7,000 

With iswivel- 







ling spindle 







head 

2(1157 

75 

2,250 

6.25 to 800 

7.5 

17,500 

Ditto 


Self-propelled radial drills, frequently employed in bridge building, have- 
the drill mounted on a self-propelled truck which travels along railway 
tracks. Tliej^ are rigidly clamped for operation at the required site by means 
of hydraulic clamping shoes which grasp the rails. 

The primary cutting motion u in a radial drill (Fig. 123) is spindle 
rotation, while the feed motion s is the axial feed of the spindle with the 
quill. 

Auxiliary motions include swivelling of the arm and clamping it on the 
column, vertical traverse of the arm and its clamping at the required height 
on the column, traversing of the spindle head and its clamping along the 
arm, changing spindle speeds and feeds, etc. 

The principal units of a radial drill (Fig. 123) are column 2, base 1, arm 4, 
arm elevating and clamping mechanism 3, and drill head 5. 

The column (Fig. 124) consists of two parts: stationary inner column J 
secui’ed rigidly to the base, and rotary outer column 2. The outer column 
is clamped in the required position by yoke 6 which encircles the tapered 
surfaces on the flanges of the two columns. The yoke is contracted to clamp 
the column by bolts 5 which are fitted on the eccentric journals of shaft 4. 
When the shaft is turned, bolts 5 are either pulled together or spread 
apart, thereby clamping or releasing the column. When the clamping yoke 
is released, disk (Belleville) springs 3 relieve the bearing surfaces at A 
of pressure due to the weight of the parts being swivelled so that the 
outer column and arm can be easily swivelled about the inner column. 
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^OT 48T 


Screw t=6mm 


Fig. 125. Ann elevating mechanism of a radial drill 


L°tansmmed Z‘ou ^ (F*®' 125) po 

clutch 10 protects the mntnr “ f ff ^ vertical screw 3. Ball-type sal 
Nut 5^^ated in a iZ nf mechanism against overloads. 

the mechanism begins to operateZt together with screw 3 \y. 

10 operate. At this stage auxiliary nut 1 travels al 
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ICl 


Section B-B 



i-crcw J since it is held against rotation by key H sliding along the keyway 
of fixed sleeve 6. The inovemeiit of nut 4 turns lever 9 which releases the 
chimp binding the arm on the column. 

.\s lever 0 rotates, it turns cam J (Fig. 126) which, by means of lever 2 
and holts J. releases the arm. At this same moment, depending upon the 
It-CeW 
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direction of rotation of screw 3, one of the lugs of key 8 (Fig. 125) approaches 
lug 7 of nut 5. This stops the rotation of the nuf and the arm begins to travel 
up'’ or down. At the end of arm travel, motor 1 is reversed instead of being 
switched off. At this, the arm stops (the lug of key S moves away from lug 7) 
and nut 4 begins to travel in the opposite direction. This again turns lever 9 
thereby clamping the arm. Motor 1 is stopped at the same time by a special 
switch. 

The drill head of a radial drill is a self-contained unit combining the 
speed and feed gearboxes, feed mechanism, spindle, and head traverse and 
clamping mechanism. 

The drill head of the model 2A53 radial drill can be considered in more 
detail as an example. The speed gearbox (Fig. 127) is arranged in the upper 
part of the head and transmits 12 reversible speeds in a range from 5.0 to 
2,240 rpm to spindle 6. The gearbox is powered from a two-speed motor 1 

21 

(1,420 and 2,840 rpm). Power is transmitted through gears ^ to a twin 

multiple-disk friction clutch 2 operated by fork 5. The two engagements 
of the clutch and the two speeds of the motor impart four different speeds 

to shaft /F, the gear train being either through gears , or through gearing 

^ X p , the direction of rotation of shaft IV being changed by the inclusion 

of the intermediate gear. Shaft VI is a cast-iron sleeve with internal splines, 
the spline shank of the spindle fitting and sliding in this spline hole. Shaft 
(sleeve) VI carries the sliding double cluster gear, 297', and 517, which 
can be shifted to either of three positions. In the first position the smaller 
gear (297) of the cluster meshes with gear 397 of shaft IV’, in the second 
position the larger gear (517) meshes Avith gear 177 of shaft IV. Thus the 
eight upper speeds of the series are obtained. The drive motor is automati- 
cally reversed when clutch 2 is shifted so as to retain the direction of spindle 
rotation. In the third position of the sliding cluster gear, the larger gear 
(517) meshes with gear 177 of shaft V (countergearing) which is driven by 

15 

shaft IV through gears ^ . This provides the four loAver speeds of the series. 

Here also the motor reverses automatically Avhenever necessary to retain 
the direction of spindle rotation. 

Rim 4 in the loAver part of clutch 2 is encircled by brake 3 Avhich 
stops the spindle Avhen fork 5 is shifted to the middle (neutral) 
position. 

The speed gearbox is equipped with a speed-changing mechanism 
(Fig'. 128) Avliicli allows the spindle speed required for tlie next operation 
to be preselected in the course of the current operation. 



Afotor 

ZU /2.S k W, lliZO/Z&kOrpm', « 
(Standani design) 



Fit;. 127. Speed K<-'urbox of tbo model 2A&3 radlul drill 
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positions which correspond to the three positions of the double cluster 
gear. 

Push-rods 2 actuate lever 1 which is linked through a number of inter- 
mediate parts with rod 20 carrying pin 22. Lever 1 has two positions. In its 
first position, pin 22 connects segment gear 21 to hollow shaft 21 on which 
lever 25 is mounted. In the second position, hollow shaft 21 is connected 
to segment gear 23. Segment gear 21 meshes directly with a rack cut on sleeve 
21, while segment gear 23 is linked to the same rack through the intermediate 
pinion 30. Thus, by shifting lever 25 in one direction, sleeve 27 can he shifted 
in either of two opposite directions depending upon the position of pin 22. 

Through spring 28 sleeve 27 is linked to rod 29 (Fig. 128) which shifts 
fork 5 (Fig. 127) in the speed gearbox. Therefore, by shifting lever 25 either 
the upper or lower section of the twin friction clutch in the speed gearbox 
will be engaged, thereby changing the spindle speeds. The provision of 
intermediate gear 30 enables forward rotation of the spindle to be engaged 
when lever 25 is shifted downward!, and reverse rotation when it is shifted 
upward. The spindle is stopped by petting lever 25 into the middle (neutral) 
position. The drive motor is switched off in this position of the lever by 
switch 26. 

In this manner, axial (downward) movement of double-disk member 5 
sets the sliding double cluster gear, 292’ and 5iT (Fig. 127) of the speed 
gearbox in the required position, and also prepares the mechanism for the 
engagement of either the upper or lower section of twin friction clutch 2 
(Fig. 127) 

The preselection of the spindle speeds consists in turning preselector 
lever 6, linked to member 5 and dial 15, so that the required speed for the 
next operation is shown on the dial. This turns double-disk member 5 so 
that the corresponding holes are positioned opposite push-rods 2 and 1. 
At the same time, cams 7 and 8, mounted on the shaft of lever 6, operate 
change-over switches 9 and 10 which control the speed and direction of rota- 
tion of the two-speed motor. After stopping the machine with lever 25 at 
the end of an operation and changing the tool, lever 31 is shifted. This lever 
is linked through lever 11 to member 5 and completes the preparations for 
starting the drill (member 5 is shifted downward). Then forward or reverse 
rotation of the spindle is engaged by turning lever 25. When lever 31 is 
released, double-disk member 5 is returned to its initial position by spring 
19 acting on lever 11. Consequently, the speed-changing mechanism is ready 
for the next preselection of spindle speed. 

The feed gearbox (Fig. 129) is driven from shaft VI of the speed gearbox 

(Fig. 127) through gears ^ X shaft VIII and further through gears ^ 

(Fig. 129) to shaft XI. Thus, the feed gearbox is linked positively to the 
spindle through a gear train. Eight rates of feed (0.06 to 122 mm per revolu- 
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Fig. 129. FiCiI gearbox of the niudil 2\53 raJial drill 


lion) aro oblaincil for each 5pindIo speed by llie various eiigagcnients of 
lUe sliding double clu&lcr gear, I7raiid38r. on shall /.V. and the (quadruple 
cluster gear, ITT, 3ir, 2Sr and 227’, on shaft XI. These cluster gearsaro 
Controlled by a single lever G. When lexer G is turned together with drum I, 
bar /, on uliich rack teeth are cut. is shifted xertically by pinion J. Fork 2, 
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Fig. 130. Feed mechanism of the model 2A53 radial drill 


mounted on bar i, shifts the quadruple cluster gear to one ol four iiide.xed 
positions. 

When lever 0 is turned in the slot of drum 4, shaft 3 is shifted axially. 
An annular rack cut on the end of shaft 3 meshes with the pinion on the end 
of shaft 8. Rotation is transmitted further through gears to rack 9 on which 
fork 7 is mounted. This fork shifts the double cluster gear to either of two 
indexed positions. The feed gearbox is arranged in a separate housing secured 
to the front face of the drill head housing. 

The feed mechanism (Fig. 130) effects power feed of the spindle at tbe 
given rate, automatic disengagement of the power feed at a preset drilling 
depth, fast hand traverse of the spindle, and fine hand feed. 

To engage the power feed, head 8, mounted on the splinod end of shaft J8, 
is brought into engagement with gear 11 with the aid of levers 5. For this 
purpose, disk 10 with internal and external gears is fastened to head 8. 

Gear 11, mounted freely on shaft 18, has clutch teeth which engage mating 
teeth on worm wheel 12. The worm wheel is driven by worm 19 which is 
linked to the feed gearbox through toothed clutch 10 (Fig. 129). Pinion 17 
on the left end of sliaft 18 meshes with the rack cut on quill 14 in which 
spindle 13 rotates (Fig. 130). 

Power feed is automatically disengaged when the required depth is reached 
by a device consisting of dial 9, slop 2, knob 4 with an eccentric neck, and 
locking member 3. 






IIADIAt. niULL3 


ICJ? 

By turning knolj if, mounted on dial 0, locking member 3 is brought out 
if engagement witli the o.\ternal gear of disk 10. This releases the dial which 
s turned to the required graduation and lucked again to disk 10 by locking 
nember 3. Then knob 4 is moved axially to advance slop 2. At the end of the 
ireset rotation of the dial, stop 2 depresses roller J which is linked with 
bo lever for disengaging toothed clutch 10 {Fig. 120). 

To Iravcrso the spindle rapidly by hand levers 5 aro turned alter dlsengag- 
ng head 8 from gear II. 

Fine liand feed is obtained by turning handwheel 21 (Fig. 130) mounted 
)n the shaft of worm 19. Toothed clutch 10 (Fig. 12D), in this case, is disen- 
gaged by lever 20. 

Tho drill head is tra\crsed by hand along the arm by turning handwheel 6 
vhich is linked through shaft 7 and gears 15 and 16 with the rack on the arm. 

Tho head is clamped rigidly in the required position on the arm by an 
ccontric mechanism located at tho rear of the head housing. 

Tho outer column is damped simultaneously with the head. 

Drill heads of lieasy radial drills provide much wider ranges of speeds 
inU feeds than llio smaller machines. The number of speed and feed steps 
s also lucroascd. Heads of iicavy radials arc equipped with speed and feed 
nx'sdcclor controls. Speeds and feeds ate changed by cither elccltomcchani- 
al or hydraulic means. 

Thu use of such mechanisms substantially reduces handling time required 
n changing tlu> speeds and feeds. Thiscircuiiist.'tnce is ol especial importance 
or radial drills sinco they usually perform operations requiring changes 
if cutting tools and consequent changes in the speeds and feeds. 

Furllior reducUon of time losses connected with speed and feed changing 
an bo achieved by equipping the heads with mechanisms for automatically 
hanging the speeds and feeds when going over from operation to operation. 

The most promising current method for introducing automalicily in feed 
iiul speed changing involves the use of buiU-in electromagneljc clutches 
n the drill head. 

In a system of automatic control.^, speed and feed changing in a single- 
•pindlo head should be connected with the withdrawal of the spindle to the 
njtial position, ft should be connected with the indexing of tlie turret if 

turret with several tools is empIo>ed. 
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Section A- A 



Fig. 130. Feed mechanism of the model 2A53 radial drill 


mounted on bar i, shifts the quadruple cluster gear to one of four indexed 
positions. 

When lever d is turned in the slot of drum shaft 3 is shifted axially- 
An annular rack cut on the end of shaft 3 meshes with the pinion on the end 
of shaft 8. Rotation is transmitted further through gears to rack 9 on which 
fork 7 is mounted. This fork shifts the double cluster gear to either of two 
indexed positions. The feed gearbox is arranged in a separate housing secured 
to the front face of the drill head housing. 

The feed mechanism (Fig. 130) effects power feed of the spindle at the 
given rate, automatic disengagement of the power feed at a preset drilling 
depth, fast hand traverse of the spindle, and fine hand feed. 

To engage the power feed, head S, mounted on the splined end of shaft IS, 
is brought into engagement with gear 11 with the aid of levers 5. For this 
purpose, disk 10 with internal and external gears is fastened to head 8. 

Gear 11, mounted freely on shaft 18, has clutch teeth which engage mating 
teeth on worm wheel 12. The worm Avheel is driven by worm 19 which is 
linked to the feed gearbox through toothed clutch 10 (Fig. 129). Pinion 17 
on the left end of shaft 18 meshes with the rack cut on quill 14 in which 
spindle 13 rotates (Fig. 130). 

Power feed is automatically disengaged when the required depth is reached 
by a device consisting of dial 9, stop 2, knob 4 with an eccentric neck, and 
locking member 3. 
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By turning knob i, mounted on dial 9, locking member 3 is brought out 
of engagement witli tlio external gear of disk 10. This releases the dial which 
is turned to the required graduation and locked again to disk 10 by locking 
member 3. Then knob 4 is moved axially to ad>ance stop 2. At tiic end of the 
preset rotation of the dial, slop 2 depresses roller 1 which is linked with 
the lover for disengaging toothed clutch 10 (Fig. 129). 

To tra\erso the spindle rapidly hy hand levers 5 aro turned after disengag- 
ing head 8 from gear 11. 

Fine hand feed is obtained by turning handwlicel 21 (Fig. 130) mounted 
on the shaft of worm 10. Toothed clutch 10 (Fig. 129), in this case, is disen- 
gaged by lever 20. 

Tlic drill licnd is traversed by hand along the arm by turning handwheel 6 
which is linked through shaft 7 and gears 15 and 16 witli the rack on tho arm. 

Tiio head is clamped rigidly in the required position on the arm by an 
eccentric mechanism located at the rear of the bead bousing. 

Tho outer column is clamped simultaneously with tho hcatl. 

Drill licads of hea\y radial drills pro\ido much wider ranges of speeds 
and feeds than the smaller machines. The number of speed and feed steps 
is also increased. Hc.ids of heavy radials arc cquijiped with speed and feed 
preselector controls Speeds and feeds are changed by cither electromechani- 
cal or hydraulic means. 

The use of such mechanisms substantially reduces handling time required 
in changing the speeds and feeds. This circumstance is of especial importance 
for radial drills since they usually perform operations requiring changes 
of cutting tools and consequent changes in the speeds and feeds. 

Further reduction of time losses connected with speed and feed changing 
can be acbie\ed by equipping the heads with mrebanisms for automatically 
changing the speeds and feeds when going o\er from operation to operation. 

The most promising current method for introducing automalicily in feed 
and speed changing involves the use of built-in electromagnetic clutches 
in the drill bead 

In a system of automatic controls, speed and feed changing in a single- 
spindle bc.'id should be connected with the withdrawal of the spindle to the 
initial position. It should be connected with the indexing of the turret if 
a turret with several tools is emplojod. 



CHAPTER 6 

BORING MACHINES 


8<1. Purpose and Field of Application 
of Boring Machines 

Boring machines are designed for machining large, heavj'’ work in piece 
and lot production of machinery. These machines are highly versatile and 
can be used for boring, driUing, core drilling, counterboring, spotfacing, 
cutting internal and external threads, turning cylindrical surfaces, facing, 
and peripheral and face milling operations. In many cases, a housing-type 
workpiece can be completely finished on a boring machine without resetting 
in other machine tools. 

The distinguishing feature of boring machines is the horizontal (or verti- 
cal) spindle with a.xial feed. The cutting tools, such as the boring bar with 
cutters, drill, core drill, reamer, milling cutter, etc., are secured in the taper 
hole of the spindle. 

Positioning movements to align the spindle axis with the hole to be ma- 
chined, and feed motions are transmitted to the various units in accordance 
with the purpose, construction and size of the machine, as well as the char- 
acter of the operation being performed. General-purpose boring machines 
-are classified into: 

(a) horizontal boring machines; 

(b) jig borers (see Part II, Chap. 22); 

(c) precision boring machines. 


6>2. Horizontal Boring Machines 

Horizontal boring machines, also known as horizontal boring, drilling 
.and milling machines, can perform all the machining operations mentioned 
in the preceding section. 

The principal dimension of this type of machine is the diameter of the 
boring spindle which carries the cutting tools. 

In a horizontal boring machine the spindle is arranged horizontally. The 
motions required for performing the machining operations are transmitted 
to the various units in different ways for machines of diffei-ent sizes.^ 

Horizontal boring machines of the smaller sizes (with a boring spindle 
idiameter from 50 to 125 mm) consist of the following principal units: bed 
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Fi^ I3l Tublo-l^pi* lioriioaUt boring tujcUuitf, iiiiaIoI JVu^a 


/ (Fii^ 131) main column 2. bi'ad^l'Kk 3. tablo unil /. ami unJ-supp<>rl 
Column 3 with the bearing This is called the tabk'-lype machine. 

The priinarv cutlin:? motion r is the spindle rotation. Feed motion is 
imparled to either the t»)ol or the work dependiii? upon the typo of ma- 
chiniti? beiiii d*me In the tirst case, the feed motion is either a^ial feed 
ft of the spindle, \ertical feed f; of the headstiA'k. or radial feed Sy of a 
faciD:; >liJe on the faceplate In the si'coiid ca.>e. the feed motion is table 
feed in either of two perpendicular diri'Ctioiis (f, or f.) 

Auxiliary motions include p«*siti*inin:j lra\erse of the headsl*>ck in tiu* 
vertical direction, of the table in two Cu-ordinate dirtHTtiiirLS. of the end-sup- 
port column with its bearin.:. and o! the end-support bearin’ alonj its 
column; speed and feed chan^in^'. dc 
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Fig. 132. .Mi.‘(liiiiii-.sizi! Iiorizontal Fig. 133. Floor-typo heavy 

Ijoi'iiig iiiacliiiio Iiorizontal boring machine 


Mediuni-.sizo rnacliincs (with a boring spindle 100 to 200 mm in diameter) 
consist of the same units as those of smaller sizes (Fig. 132). The table of 
those machines travels in one direction only, either longitudinally (parallel 
to the spindle a,Ki.s) or crosswise. The headstock and end-support columns 
travel along runways or the bed in either the longitudinal or cross direction. 
If the table travels cro.sswise on the bed and the columns travel longitudi- 
nally on runways, the boring machine is said to be of the planer type. 

Heavy horizontal boring machines (spindle diameter from 125 to 320 mm) 
have no table, the work being placed on the floor plate (Fig. 133). Such 
machines are of the floor type. 

In the most universal design of floor-type machine the headstock columrii 
travels with its saddle in the cro.ss direction along a runway and along the 
ways of the saddle in the longitudinal direction. 

The headstock column may travel at a speed equal to working feed (for 
milling operations) or at the speed of positioning traverse. The end-support 
column can travel in the cross direction only. 

hither a-c or d-c motors, mounted directly on the headstock, are used 
for the spindle and feed drives. Small-size machines have a separate motor 
and gearbo.v for traversing the table, headstock and end-support column. 
Heavy machines have multiple-motor drives. 

lirief specilications of certain models of Soviet horizontal boring ma- 
chines are given in Table Hi. 


6-3. Principal Units of Horizontal 
Boring Machines 


I he bed of a horizontal boring machine is a bo.x-shaped grey iron casting 
.'■liffened by ribs. Units on which the main column or end-support column 
(ravels in the floor- or planer-type machines are called runways. 





faimx l.'dttl 20 l« I.UJO r...'* o.ooii U'jlh Ii-vi.lvln^ t.ilili' 
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Bol’ing machines of the smaller sizes (table-type) have a one-piece beef 
with horizontal Nvays. Medium sizes may have a bed cast in several pieces 
bolted together, or’^a bed and one or two runways. In the latter case, the 
table tra\mls on the bed and the end-support and main columns travel along 


runways. 

The most universal type of heavy boring machine (floor-type) has a floor 
plate and two runways! The runway along which tlie main column travels 
is fastened down separately but on a common foundation plate. 

The main, or headstock, column is also a box-shaped casting and has 
vertical ways along which the headstock travels. It houses the counterweights 
which balance the headstock to make it easier to move. 


Stationary main columns are rigidly secured to the right end of the bed. 
Those of the travelling type have longitudinal or cross ways on what is 
called the column base, which is the unit that supports and secures the 


column. 


The headstock travels vertically along the ways of the main column. It 
contains the speed and feed gearboxes, and the feed mechanisms of the 
boring spindle and facing slide. In machines of the smaller sizes all these 
mechanisms are powered from a single motor mounted on the headstock 
housing. In the heavier models, each mechanism has a separate drive which 
is frequently a variable-speed d-c motor. 

The speed gearbox in the headstock provides for independent rotation of 
the boring spindle and facing slide faceplate. This allows such operations 
as boring and facing to be combined. 

The construction of the speed gearbox of the model 262r horizontal boring 
machine is shown in Fig. 134. 

Boring spindle 1 slides back and forth in plain bearings in hollow spin- 
dle 2. Any one of IS different speeds is transmitted to the boring spindle 
from tlie two-speed motor through two triple cluster gears {2iT-2.ST-2.0T and 

WT-SOT-m) and gears 

OO 

Spindle 3, carrying faceplate 4, also has IS speeds obtained in the same 
manner but through gears ^ when clutch 6* is engaged. 

Iho speed gearbox has preselector controls. The principle of operation 
of the mechanism for traversing facing slide 5 of the faceplate is explained 
in the next section (Sec. 6-4). In heav}’- boring machines having multiple-mo- 
lor drives the facing slide is powered from a variable-speed motor mounted 
inside the faceplate housing (Fig. 135). In this construction d-c motor i, 


through worm 2, a worm wheel (not shown) and bevel gears , transmits 

rotation to worm 3 which mates with worm rack 4 secured to slide 5. 

riio feed gearbox in the headstock of the smaller models is an ordinary 
multiple-step gearbox with sliding cluster gears. 
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Section A~A 



Fig. 135. Facing slide of the model 262r boring machine 


The table unit of the table-type machines consists of the table proper and 
the saddle. The latter provides a compound movement of the table so that 
it can travel in the longitudinal as well as the cross direction. The table 
can travel at the working feed; it also has rapid positioning traverse 
and hand traverse. Built-in revolving tables have four indexed posi- 
tions at 90° intervals. The rotating mechanism of such a table provides 
toi power and hand indexing, locking and clamping. Unindexed, interme- 
diate positions of the revolving table are set on a circular scale. 

Ihe table of a planer-type machine has no saddle and travels in one direc- 
tion only directly on the bed ways by means of worm-rack gearing. Varia- 
ble-speed d-c motors are employed in the drives of the table traverse mecha- 
nisms. 

riie end-support column is a box-shaped casting wdth vertical ways along 
winch the bearing block travels when it is adjusted into alignment with the 
holing spindle. The bearing is used to support long boring bars and heavy 
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6*4. Horizontal Boring Machine, Model 262r 

This machine is intended mainly for the multiple-tool machining of 
housing-type parts in piece and lot production. The boring spindle is 85 mm 
in diameter. 

The gearing diagram of the machine is shown in Fig. 136. 

The speed gearbox transmits 18 forward and reverse speeds to the boring 
spindle along the following gear train: two-speed motor, V-bcIt drive 
triple cluster gear (20r, 28r and 247*), triple cluster gear (SOT, 551 and 
IQJ), helical gcars^ and hollow spindle 2 to boring spindle 1. 

Faceplate 3 also bas 18 forward and reverse speeds obtained along the 
same gear train except for different helical gears The faceplate rotates 
when clutch 5 is engaged. 

Axial motion is transmitted to the boring spindle forjall operations, 
except thread cutting, along the following gear train: boring spindle, gears 
^ X X triple cluster gear = or ^ double cluster gear ^ or 

Si 18 50 50 

jj, double cluster gear 35 or gears feed cngagcmcnl clutch gears 
^7 , bevel gears worm gearing;^, jaw clutch 0, bevel gear reversing 
33 40 50 

unit with clutch 10, and gears ^ X ^ X to the three-start screw (f =» 
“ 8 mm X 3). 

Axial feed is obtained along the same gear train in thread cutting except 
that the thread-cutting change-gear quadrant ^ ^ takes the place of 

the last pair of gears • 

A boring machine of this design has 25 axial feeds. The sliding cluster 
gears are in the feed gearbox. 

Uadial feed of the facing slide on the faceplate is driven from the feed 
gearbox through the following gear train: feed gearbox, worm gearing^, 

jaw clutch 9, gears ^ , planetary gearing, gears X ^ , worm gearing 
and a rack-and-pinion drive (IGT, module 3 mm). 

The facing slide will bo fed only if the faceplate and gear IIGT rotate 
at differcut speeds, since it is necessary for pinion 227*, mounted in the 
faccplalo, to roll around gear IIGT. The two clomcnts will run at different 
speeds if the driving shaft of the planetary gearing is driven in cither direc- 
tion through the above-described radial feed gear train 

12-0645 
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Vertical feed of the headstock is effected through the following gear 
train: boring spindle, gears ^ X gjj, feed gearbox, bevel gears ^ , gears 
bevel gear reversing unit with clutch 77, bevel gears ^ , gears and bevel 

gears ^ to the two-start screw 7 (/ = 8 mm x 2). 

Longitudinal travel of the table is obtained through the gear train: boring 
spindle, gears feed gearbox, gears X bevel gear reversing 

unit, worm gearing pwith clutch 72, and a rack-and-pinion drive (Iir, 
modulo 5 mm). 

Cross travel of the table is linked to boring spindle rotation through the 
same gear train e.\cept that following the bevel gear reversing unit, rotation 
is transmitted by gears included in the gear train uhen clutch 13 is en- 
gaged, to the two-start screw (< = 6 mm X 2). 

Rapid positioning traverse is imparted to the bcadstock and table by 
a separate motor 22 \ at the same time, the feed engaging clutch 6 is disen- 
gaged. r* 

The various units arc traversed by band by turning the handwheels from 
14 to 21 , inclusive. 

Clutches 7 and 8 protect the feed and rapid traverse mechanism against 
overloads. 

6-5. Attschmenis and Accessories 
of Horizontal Boring Machines 

The work is set up and damped on the table of a horizontal boring ma- 
chine with the aid of damping accessories such as supports, T-hoUs and 
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Strap clamps, assembled clamps, etc. The table is provided with T-slols that 
are used in securing these accessories. 

Rapid-action fixtures with mechanical, hydraulic or pneumatic clamping 
lacilities arc commonly used in lot production. Such fixtures frequently 
jocato the work in addition to clamping. 

Tiio nose of the boring spindle has a tapered hole with a metric or Morse 
taper in ^\hich such tools as drills, reamers and milling cullers are held 
either directly or through slecxcs and sockets. 

Boring cutters are clamped in cither stub or long boring bars. Stub bars 
arc inserted into the tapered hole of the boring spindle. Long boring bars, 
with the free end supported in the hearing of the end-support column, are 







Fig. 139 Uoring heads: 
(o) fpllt; (b) »on<t 


used to boro several coaxial holes in iho end and inlermedlalo walls of 
housing-typo work. 

•Methods used for clamping cutters in boring bars are illustrated in Fig. 137. 

Block cutters and reamers arc clamped in boring bars with the aid of 
lock kejs, flat keys or tapered Ibrust plates (Fig. 138). 

Split and solid boring heads (Fig. aud 6), u.«od in roughing holes 
of a diameter over 150 mm, arc held on boring bars with kejs and clamping 
bolts. 
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6-6. Trends in Horizontal Boring 
Machine Design 

The rapidly developing engineering industries are continuously raising 
their requirements as to the accuracy and surface finish of machined parts. 
Therefore, new models of general-purpose horizontal boring machines are 
designed to combine to some extent the advantageous features of horizon- 
tal boring machines, jig borers and precision boring machines. 

Special optical devices enable the boring spindle to he set to co-ordinate 
dimensions with a high degree of precision. In some cases this allows hori- 
zontal boring machines to be used in place of the more expensive jig borers. 

The development of machines incorporating controls which set the spindle 
to a series of given co-ordinate dimensions in the required sequence enables 
the machines to be operated with an automatic cycle even under small-lot 
production conditions. 

The use of infinitely variable hydraulic feeds in the newer models, de- 
vices for hydraulically relieving the pressure in the ways, and the provision 
of higher boring spindle speeds enable horizontal boring machines to be 
used for precision (“diamond”) boring as well. 


6-7. Precision Boring Machines 

Precision boring machines are designed for the precision, or diamond, 
boring of holes that are cylindrical to within 3 or 5 microns (0.003 or 
0.005 mm). A surface finish from the 7th to 9th classes, inclusive, according 
to USSR Std GOST 2789-59, can be produced by this processing method. It 
finds wide application in boring the cylinders of aircraft and automobile 
engines, certain components of pumps and machine tools, and is sometimes 
employed in repair operations. 

Depending upon the arrangement of the axis of rotation of the spindle, 
precision boring machines are classified as vertical (Fig. 140) and horizon- 
tal (Fig. 141). As to the number of spindles, they may be single- or multiple- 
spindle models. Horizontal precision boring machines may be single-end 
(holes bored from one end) or double-end machines. 

Table 20 lists brief specifications of Soviet precision boring machines. 

The priniary cutting motion u in a precision borer is the rotation of the 
spindle which carries the single-point tool (Figs. 140 and 141). 

In the single-spindle vertical machines the feed motion s is imparted to 
the spindle; in the horizontal single- and double-end machines it is impart- 
ed to the table on which the fixture for holding the work is mounted. 
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Fig. 141. HoruonUl precision bormg raachinc, mcKiol 2700 


Tho table has a complex c>clo of working feeds and rapid traverse move* 
ments, advancing the work first to one and then to the other boring head 
(in tho double-end models) which are mounted on fixed bridges. 

Tho feed motion is imparled to the boring spindles in special-purpose 
precision borers, while the work is held stationary. 

Tho single-spindle vertical precision boring machines have a divided 
main drive, i.o., rotation is transmitted from the speed gearbox (reducing 
gear) in tho column by means of a belt drive. In a drive of this construction, 
tho forced vibrations that are excited in the speed gearbox are not trans- 
mitted to tho boring spindle to any great extent This has a favourable 
effect on the surface quality of the bored hole in the work. Horizontal ma* 
chines designed for higher accuracy have no speed gearbox ami the drive motor 
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is mounted separately from the machine proper so that rotation is trans- 
mitted to the boring spindles only through a belt drive. 

Spindle speeds are varied by means of stepped or changeYpulleys. 

The spindles of precision boring machines run in precision plain or anti- 
friction hearings. Antifriction hearings are of the preloaded type. Frequently, 
the spindle unit is designed with means for automatically eliminating 
excess clearances due to wear or thermal deformation. 

Feeds are usually obtained by a hydraulic drive providing for stepless 
feed variation. The advantage of such a drive is the possibility of obtain- 
ing the very small feeds (less than 10 mm per min) that are employed in pre- 
cision boring. Moreover, the application of a hydraulic drive facilitates the 
automation of the feed cycle. 

To increase the production capacity of precision boring machines operat- 
ing on a semiautomatic cycle, they are equipped with an in-process gauging 
system with a feedback function that automatically adjusts the cutting tool 
to compensate for its wear. 



CHAPTER 7 

UNIT-BUILT MACHINE TOOLS 


7-1. PurposB of Unii-Bullfc Machine Tools 
and Their Layout 

Unit-built macliiiiL* tools nrcspccial machine tools consisting of standard 
units. 

Such macliincs find application in the multiple-tool machining of various 
workpieces (mostly of the housing type) in large-lot and moss production. 
They arc c\tciisi\ely employed in plants manufacturing automobiles and 
agricultural machinery. 

Unit-built machine tools arc designed for such operations as drilling, 
boring, threading and, less frequently, for milling surfaces. Unit-built ma- 
chines that perform elementary assembling operations have been developed 
in recent years. 



j.U 

aamiumbkriaum 


^■15. 142. aasaiGcatioii of uuit-bullt machints awonling lo llicir conatnictton arrauge- 
meut 
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Fig. 143. Examples of unit-built raachino tool design: 

j— single-end single-station machine tool: a— vertical; f>— inclined; 2 --single-end single-station machine 
tool lor machining surfaces of revolution and with the work held: a— in the power unit; b — in a fixture 
of a suh-base; J— single-end single-station gang-type machine tool; a— vertical; b — horizontal; 4 — 
multiple-way single-station machine tool: a— four-way; b— two-way; J— single-end multiple-station 
machine tool with a travelling table: a— vertical; b— horizontal; C— single-end multiple-station machine 
tool with a revolving table: a— vertical; b— horizontal 


Advantages ensuing from the proper application of unit-built machine 
tools include: (a) a substantial reduction in the time required to design and 
manufacture a special machine tool; (b) high production capacity due 
to multiple-tool machining and a minimum amount of handling motions; 
(c) comparatively low manufacturing cost; (d) reduction in the costs of 
machining workpieces on the machine tool due to the high productivity and 
simple servicing; (e) a more readily automated machining cycle; and (f) 
the possibility of using some of the standard units again if changes are made 
in the product being manufactured. 

In cases when an established assortment of parts is being manufac- 
tured, it is possible to design unit-built machine tools that can handle several 
similar parts of different sizes by changing over from part to part. 




rniNCIPAL UNITS OP UNIT-BUILT MACHINE TOOLS 
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Unit-built machine tools can operate as indi\idual machines or they can 
bo components of automatic transfer machines or automated production 
lines. 

In most cases, the operation of a unit-built machine tool consists in the 
machining of a stationary %\Qrkpicco by a number of cutting tools. Observ- 
ance of this principle enables machines to bo designed in which the units 
carrying the tools travel only in ono direction and allow the work to bo 
machined simultaneously from several sides. 

Tlio arrangement of the units depends upon the size and shape of the work, 
as well as upon the possibility of combining several machining operations. 

Figure 142 gives the classification of unit-built machine tools in accord- 
ance with their layouts. Examples of sucli layouts are illustrated in 
Fig. 143. 


7-2. Principal Units of Unit-Built 
Machine Tools 

In tho majority of cases, a unil-huilt machine tool (Fig. 14^) consists of: 
beds 1, column i. power units 2, multiple-spindle heads 3, fi.xturc 5 for locat- 
ing and holding tho workpiece and fixture base 6. 

In some cases, the beds or columns are mounted on sub-bases which aro 
also standard units. If several workpieces arc to be machined consecutively, 
stationary fi.xturo 5 is replaced by a movable two-position fi.vturo or by 
a revolving table on which arc mounted fixtures for locating and clamping 
the workpiece. 

Unit-built mncluno tools with a hydraulic drive of the operative units 
use standard hydraulic control panels to control the operating cjcle. 

Standard beds, sub-bases and columns aro castings or weldments of box 
shape with ways for the travel of the power unit. Special nonstandard beds 
aro of welded steel plate construction, as a rule, and have separate hardened 
stool ways secured by screws In many cases, tho ways aro designed in tho 
form of a sadille that is mounted on the welded bed after it is completely 
machined. 

Multiple-spindle heads accommodate the tool spindles and transmit 
rotation from tho uutput shaft of the power unit to the spindles. 

Standard multiple-spindle heads (Fig !4o) consist of housing 2. inter- 
mediate plate J. front / and rear / covers Standardized spindles, shalls and 
gears aro mounted in the bores of the housing and intermediate plate. Cen- 
tral gear J meshes with a gear mounted on tho output sliall ol the p«»wer unit. 
The components of the head .ire assembled through the opening in housing 2. 
The rear cover has- hole.'* for securing the head to the housing of the power 
unit. 
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A size range of spindlo heads has been standardized. The component 
castings of the heads arc manufactured to the standardized dimensions and 
stored as stock. Tho holes for tho bearings are bored in each particular caso 
to suit tho ^\o^kpicco that is to bo machined by tho machine tool. 

Fixtures or jigs for locating and holding tho workpiece are designed in 
accordance with tho size and shapo of a dcfmito vsorkpiecc, and the typo 
of machining operation to bo performed. Therefore, they cannot bo standar* 
dized. Tho workpicco is located in the fixturo by rest buttons, pads, locating 
pins, V-blocks, etc. 

Adjustable locators, such as jackscreu's and spring jack pins, arc brought 
into contact with and additionally support an insufficiently rigid vsorkpicco 
at certain definlto points. 

Sell-locking mechanisms (uedge, screw or eccentric cam clamps) operated 
by hand, po\scr or with a combination air-and-hydraulic drive aro used 
to clamp tho v.ork in the fixture. 

Tho walls of the fixture (or rather jig» in this case) are frequently used 
for mounting fixed or rotary bushings that increase tho accuracy with which 
tho cutting tools are aligned with tho work. 

Fixturo bases aro not standardized and are designed for each particular 
caso in the form of a box-shaped casting or steel weldment. 


7-3. Power Units 

Power units may bo self-contained or separate-feed types. 

Self-contained standard power and feed units are ones that impart both 
rotary and feed motions to tbc cutting tool, and can bo mounted on tbo 
machino tool in any required working position. 

Tbo separate-feed typo of power unit imparts only rotary motion to the 
cutting tool, tho drive of tbo feed motion being arranged separately in tbo 
bed (or column) of tho machine tool- 

Special thread-culling power units with re\crsiblc spindles are used for 
threading operations. 

A number of types of self-contained power units have been standardized 
in the USSR. 

The feed motion in a power unit may be obtained by- 

fa) traxel of the power unit housing which carries the spindle head; 

(b) Iraxel of a quill containing the rotating spindle with the culling 
tool, tho housing being stationary. 

Power units can operate with a wide range of difierent feed and traverse 
cjcles. Tho simplest cycle is one in which the unit Ir.-ivels back and forth 
at tho same speed. 



Rotation of spindle 1 (primary cutting 
motion v) is obtained from motor 2 through 
gears 3 and 4. Upon rotation of feed plate 
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llic USSH Tractor nud Auricultural Machinery Industries. 
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An example of a comple.x cycle is one used in deep-hole drilling in uhich 
the drill is repeatedly ’Aithdrawn l>y a rapid Iraxerse moxement to clear the 
chips and advanced at the same speed into the hole, operating at %sorking 
feed in the actual drilling process. 

Accurate spolfacing operations can be performed by dwell (operation 
without feed) of the power unit as it runs against a positive slop at the end 
of its stroke. 

In most cases, the tool spindles are driven from a motor mounted on llu' 
power unit housing. 

A great variety of travel mechanisms are employed in the diHerent con- 
structions of power units. 

Table 21 contains the classification, schematic drawings and brief 
descriptions of the more comniun standard power units. 



CHAPTER 8 

MILLING MACHINES 


8-1. Purpose iind Types of Milling Machines 

Working, or shiipc-gciicruLing, motions, typical of milling macliines, 
compriso continuous cutting tool rotation, dotonnining the cutting speed, 
and a rectilinear, rotary or helical feed motion. The feed motion is 
usually trausmittod to the work, and only rarely to the cutting tool. 

Milling machines are employed for machining flat surfaces, contoured 
surfaces (die impressions, punches, cams, etc.), surfaces of revolution, e.vter- 
nal and internal threads, helical surfaces of various cross section, etc. 

Milling machines can bo classified according to their application into the 
following groups: general-purpose, single-purpose and special milling ma- 
chines. The last-mentioned are designed for performing one or several definite 
milling operations on definite workpieces. They are used in mass and large- 
lot production. Table 22 lists data on the dimensional accuracy and surface 
fuiish attained in milling. 

TAHOE 



Or.idu of uccurucy 


:\UUln;; 

Llniils 

Moan cconoinlcally roaslWo 

Surlaco finish ciass 

Uoughiiig 

3a-5 

4 

4-5 

I'iiiishing 

2a-4 

3 

5-7 

I'rocisioii 

2a-l 

3 

7-8 


8-2. Goneral-Purposo Milling Machines 

Cioneral-purpose milling machines are extromely versatile and are employed 
in piece and small-lot production for machining a wide variety of parts. 
Ihis group includes: knee-type, bod-type, planer-type and rotary-table 
milling machines. 

Uie main dimension of general-purpose milling machines is the size of the 
working surface of the table. 











s-:. GiiNLitALTrcnro^i: milling mackim'J} 


{!ili 

The principal diincn^iunal tlata on the lllu^t c\len>i\cly u^oil Soviet 
milling machine-s are listed in Table 23. 


Knie>Type Mining Machlnit 


The special feature of the knee-type machine is the availability of three 
(lirfereul directions of table muliuii. This subgroup is further divided into 
plain horizontal, unisorsal horizontal, vertical and ram-head knee-typo 
milling machines. 

Plain horizontal knce-tijpe milling machines have a horizontal spindle. 
The tables of these machines can travel In three perpendicular directions. 

The plain hurizonlai milling machine, model ti.MSGF, illustrated in 
Fig. 1 iG, comprises column J; kneo 2, travelling along tho vertical ways of 
the column face; saddle J, which can travel crosswise along the horizontal 
vva^s on the knee; table /, having longitudinal travel along the horizon- 
tal wajs of the saddle; uvcrariii o and arbor support 7, for supporting tho 
outer end of tho cutter arbor; and braces which link (he overarm with 


tho kneo to increase the rigidity of 
the machine. 

Tho gearingdiagramof a milUngma- 
chine (models GMtsOr, 0.M8O) is shown 
in Fig. I'i7. The sinndlo is powered 
from a Ilange-mounted motor (2.8 jkW 
and l.i20 rpm) through a si.x -stage 
gearbox (three engagements between 
shafts I and II. and two between 
shafts II and ///). V-bell> with a I • 1 
traii*-iiussion ratio, and the couiiter- 

ge.iriiig ^ ^ • Thu«!, any one of 

tlie.'ix lower Speeds can he transiml- 
led to the spindle. 

Til obtain the six higher speeJ-^, 
jaw- clutcii 6', is engaged. Tlii^ simul- 
t.meously shifts the cluster gc.ir 
Si\T-2\r of the countergearing out of 
engagement, and the V-hell.s become 
the last link of the spindle drive 
tr.iin. 

Coiisi‘<iuciUly. the spindle has a 
total of twelve speeds which range 
from ;',G to l.COO rpm. or from 50 to 
2,2'i0 rpm in the high-siieed model. 


s 



o *. ai.J r rr.... »r,il vr,tirj| 

tall' t,a\rl 
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TABLE 23 


General-Purpose Milling Machines 


'I’ype 



Working siir- 

Range of spin- 

Power 
of drive 

lilodel 

face of table. 

die speeds. 

motor. 


mm 

rpm 

kW 


Net 

weight, 

approx. 


Knee-Type Milling Machines 


Plain horizontal 

Vertical 

G11803r „ , „ 0.75/1 500 

GH103 125x500 315 to 4,000 

Plain horizontal 

Vertical 

GH804r 2.2 700 

GH104 100x030 71 to 3,150 

Plain horizontal 

Universal horizontal 
Ram-head 

Vertical 

6H80r 36 to 1,600 3 1,340 

G1180 200x800 (or 50 to 2,240 

Gl-ISOm in high- 

GHIO speed model) 

Plain horizontal 

Universal horizontal 
Uain-head 

Vertical 

GM8ir 4 2,000 

JmqIttt 250X1,000 40 to 2,000 

uAiol 111 

CM 11 

Plain horizontal 

Universal horizontal 
Rain-he.vd 

Vertical 

GM82r 31.5 to 1,600 7.5 2,500 

320X 1,250 (or 125 to 2,000 (10) 

6M82111 in high- 

0M12riB speed model) 

Plain horizontal 

Universal horizontal 
Ram-head 

Vertical 

5 

OMSSr 31.5 to 1,600 10 3,800 

400x 1.600 (or 125 to 2,000 (19) 

U.M83111 in high- 

GMlSriB speed model) 

Plain horizontal 
Ram-head 

Vertical 

GII84r 13 0^700 

6I1841I1 500x2,000 25 to 1,250 

61114 














r,KNntAL>i'i:npiMc .millisc MACjti.sns 


T A II LU 23 (Conllnu(il) 


T>j-c 

Modtl 

Worklns tilt- 
face of t^Ue, 

lUr.ec of rpin* 
(lie Ffxedf, 

I’o»fr 
of drive 

Nft 

vilZlll. 




rrm 

kW 

apptos 


VertlealSplndle Compound-Table .Milling .Machines 


bwiM'l-lirad 

Traccr-conlrolloJ 

[ti)tary>talj1o 

6S; 

CMM 

CS'iK 

C30x l.fiOO 
dia r>3i) 

2-'. lo \ .2oi) 

13 

ID.OiKi 

bv^iNCl-licad 

Il(jtar>-tablc 

Trjccr-tontrolled 

CAOC 

GA36iI 

GA5CIIK 

CM50 

iA)x2.0(W 

dia &<A) 

25 to i,2ht) 

17 

lo.r/C" 

Fixi'd'hcail 

CASO 



22 

Zi.OK) 

Hutary-talile 

Svdscl'bcad 

CA50K 

C.AMH 

diA l.WO 

r» to 1.250 

30 



fijed-UeJ and Plantr-Tf/pe .Mtlling .Machines 


Simplex or opeiisidc 
(duplex OP double-lious- 
iii^) oiiu hori- 

fuiital >pitidIo (ono on 
lacii Column) 

S, loioj.w) (3^,, 

H'Oxl.250 ;o lo 2 ,(») 

(OoUi) ( • < 2) 

GJ»*5 ^ . 2*1 lo l.isOO 7.0 G.5"i' 

(CC05) 50i»<I.COO sotoi.COO (7.5x2) (7.iaa') 

Wttli cro.v>rail and one 
rail htad 

GjlD ,, .. , ^ 10x2 

1.0 ,10. 

f>.l»iS A'» t(- ?'♦«» or n ■ 2 2l.5<.0 

(OoIVj) NM-3.UO to t.25*) (13^3) (27.i««J) 









202 


MILLING MACHINES 


TABLE 23 (continued) 


Type 

Model 

Working sur- 
face of table, 
mm 

Range of spin- 
dle speeds, 
rpm 

Power 
of drive 
motor, 
kW 1 

Net 

weight, 

kg 

approx. 

With one (two) rail 
liead(s) and one (two) 
side hcad(s) 

0310 

(0010) 

1,000X4,000 

25 to 800 or 
40 to 1,250 

17 X 2 
(17 X 3) 

31,500 

(35,000) 

0y312 

(oyoi2) 

1,250X4,000 

25 to 1,250 

22x2 
(22 X 4) 

38,000 

(49,000) 


oyoiG 

(cyoiG) 

1,600x5,000 

25 to 1,250 

22X2 

(22 X 4) 

49,000 

(63,500) 


0320 

(0020) 

2,000x0,300 

20 to 1,000 

30x2 

(30X4) 

03,500 

(78,500) 


0325 

(0025) 

2,500x8,000 

20 to 1,000 

30X2 
(30 X 4) 

98,000 

(118,000) 

Donhle-liousing with 

two rail and two side 
lieads 

0040 

4,000x 12,000 12.5 to 500 

40 X 4 

400,000 

(loiiihination planing 

and milling machine 

oyo32 

3,200x 10,000 12.5 to 500 

40 X 4 

314,000 

Rolanj-T able Millini' Machines 

llori/.unlal-spindle 

r<I)-201.M dia 750 

190 to 000 

7 


Vertical two-spindle 

021.M 

dia 1,000 

03 to 1,000 and 10/14 
100 to 1,000 

0,400 


0A23 

dia 1,400 

40 to 250 and 
03 to 400 

14/20 

12,700 






oLNLii vL-rL’nrc»i: milling maciiiniis 
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TVlILi: (CoatlnucJ) 


Tipc 

Model 

VVorXlns kiir- 
r.£e of UM«, 

tloise of kdIii- 
dle tpeedt, 
rptn 

I'liacr 
••t drl^o 

kVV 

.S>t 

neIzM. 

kS 

Vertical two-spimJlc 

CMUa <iia l.buO 31.5 to 500 and tO. 13 I 2 .O 0 O 

50 lf> Mil or 22 

Vertical threo-spiiullc 

GM23lt i]i.il.5ou 25 to 1,1X1 ,ind Id, 13 I2.><xj 

50 lo or 22 



Tlio higher range is olitained by dunging llic gearing raliu hutuecn »hafls III 
and IV from to In . 

Ail Iho table mutions^Iongituilinal, cru>d and \crlical->arc driNcn from 
a separate mulur (0.0 k\V ami rpin), built into the Knee, through the 

gearing ^ ^ further, either through tlic feed gear train or through 
the rapid tra\crscgcar train. The feed gear train iiiclude:^: u lll-specd gearbox, 
any one of three eiigagenient> bcl\veen >bafls .Y and XI or or , 

eitlier of l\>o engagements l»elueen >bafl^ XJ and Xll (f-^ or and luo 
® ® M-o ,j/ 

alternate engagements, one tlirougb IJic counlcrge.iriiig X and the 
other bj passing this countergearing arrangement. Upon the engagement 
of jaw clutch Cl, gear tiOF is '•liifted out of mesh \vitli gear «) 0 r, .and engage.^ 
uilh shaft XII. .Motion i*. traii'-initted further through spool (wide-facc) 
gear \jOT into uhich a safe!) flulch i-* biiiJl and uhich is freely mounted on 
shaft XIII. Upon the engagement of clutch t'j, sliafl XIII and gear ViT 
begin to rotate Through gear iOT. gear '.WT iiri\es llte shafts in the knee. 

Ilapid tra\erso moNeineiils are obtained b> bjp.i-sing sliafts X, XI 
and XII, the gc.ir tram being from gear OUT* to gear 'i\T uhicli is linked 
to shaft XIII by a friction clutch 

The longitudinal. cr«»ss and \erlical feeds aro engaged by means of clutches 
C 4 , Cj and C'e, rcspecti>cl> Liingiludiiul feeds are re\cr^ed by means of the 
bevel-gear reversing unit on shaft XVH , cros'. and vertical feeds. b> means 
*jf intermediate gear in the -pur-gear rever-ing unit. 












Fig. 147. Goufing diagram of Iho knce-typo milling inaoliiiios, models OMyOF aJid 0M8U 
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IMnin hurizoiital iniliin^r nuchints arc tMiipluycd cliicfly for iiiachiiiiti;; 
rulvd ^ur^ac^.'S, including flat surfaces milled %\ilh plain and j-ide milling 
cutters and contoured surfaces milled ^^^th form cutters. In repair bhop', 
spur gears are cut freriuently with gear milling cullers. Jobs re«iuiring face 
milling cutters and end mills can also be performed. 

Universal horizontal milling machines closely resemble the plain type. 
They also have a horizontal spindle, hut the table can he s\u\el!ed about 
a vertical axis in respect to the saddle. This extends the processing capacities 
of the machine since the table can travel, not only perpendicular or i).irallel 
to the spindle axis, but also at an angle. Tins feature enables the niacliinc 
to mill iiclical grooves, for instance the flutes of twist drills, and to cut heli- 
cal gears. 

Vertical hicc-tijpe milling a.*? their name iiuplic*. have a vertical 

spindle. They may he of the fixed-head, sliding-head, swivel-head t>pe or 
a combination of the last two (Fig. 148). The vertical machines haw neither 
overarm nor braces. AH the other units arc substantially the .'>anio as in the 
horizontal models. Vertical inilUiig machines arc most freriucntly tooled 
with face milling cutlers and end mills. 

/lani'head miliing mae/iines differ from the universal type in that they 
have an additional spindle head, mounted on a movable ram alop the column, 
that re.^'inliKw the conventional overarm (Fig. I V.)). Tho spindle head can he 
swivelled nhoul both vertical .ind horizontal axes so tliat the .spindle can he 
disposed horizontally, vertically, or angularly. Some models have two spin- 
dles, horizontal ami vertical, and a knee which can be swivelled with tiie 
work table ahoiil a horizontal axis perpendicular to the column face. Such 
millers are called coiupuiiiid universal by some maimfaclurer.s and iiinnivers.il 
milling m.ichliies by others In all ca.«es, the .«pindlu c.in be set at any angle 
to the work. Those niaclunes find wide applic.-ition in experimental shup'. 
.iml toolrooms. 

.\iiothor modification of the knee-type models is the high-speed milliiig 
machines. They have a wider range of spindle speeds and are dc-igncd for 
machining light alloj.**. The llussiaii letter 1> is added to the model de-igna- 
lion of Soviet high-speed milling machines as. for evamjile, llMl^lHi (-ee 

Table 23). 


Cera;ound-Tabli UUlIag Uachinit 

One of the cla-s of lied-l>pe milling machine.^ tlie compouiul-table machine, 
has a table which travels only m two directions, the longitudinal and cro— 
directions, in contra't to the tables of the knci*-t>pe machines .Vdjiistnienl.s 
in the vortical direction are accomplished bv the -piiulle lie.id Tlie rigidity 
of compound-table millers i5 fugber than that of kiiti-lvpe tiii>dei'. fml 
the former are lev. vers.ilile in o|HTation. 
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Depending upon the arrangement of the spindle axis, the compound- 
table machines are subdivided into vertical- and horizontal-spindle models. 
TJie latter have not as yet found wide application. 

Modilications with swivelling spindle heads, with tracer-control mecha- 
nisms and with combination tables are available for the principal models 
of vertical-spindle compound-table machines. In addition to longitudinal 
and cross feeds, the combination-table models also have rotary feeds 
imparted to a built-in rotary table. The letter K is added to the designation 
of Soviet models incorporating this feature, for example, 654K, etc. (see 
Table 23). 

Figure 150 illustrates the Soviet vertical-spindle compound-table milling 
macliine, model 654. Its principal units are: bed i, column 2, saddle 3, 
table 4, spindle head slide 5, spindle head 6 and pendent control station 7. 

The spindle of model 65611 of this type is powered by the 20-kW electric 
motor d/i running at 1,420 rpm (Fig. 151), through the 18-stage speed 
gearbox (three engagements between shafts II and III, three between shafts 
III and IV, and two between shafts IV and V). The gears are shifted to make 
the various engagements by two-position, and C^, and three-position, 
C\ and Cg, plunger-type hydraulic control cylinders.* The appropriate 
ends are connected to the pump station through the control valve CV which 
can be turned to 18 different positions. Oil is delivered to control valve CV 
from pump through filter Fi and unloading valve V 2 which disconnects 
the control cylinders from the pump station if the pressure of the oil drops 
below 5 or 6 kg per sq cm. The maximum pressure is limited by relief 
valve Vi set for 16 to 18 kg per sq cm. 

The speed gearbox with motor Mi is mounted in the spindle head which 
can be traversed for adjustment in setting up by motor il/ 2 ( 2 . 8 kW, 1,420 rpm) 
along the column ways at a velocity of 

36 2 

Up = 1,420-^ X-^ 8 = 750 mm per min 

The spindle is traversed by pressing one of the push buttons, SP. HEAD 
L P or SP. PlEAD DOWN. This energizes solenoid Sdi of pilot Pti which, 
in turn, shifts the spool of valve F 3 to the UNCLAMP position. At this, oil 
from pump Pi is delivered through valve V 3 to the head end of the 
foul spindle-head slide clamping cylinders Cci (only two cylinders are 

sJiown in the diagram). The slide is released and limit switch LSi starts 
motor 3 / 0 . 

If necessary, the spindle head can be swivmlled up to 30° to either side 
of the vertical position by turning the square shank on the end of shaft XXIII 


The operation of three-position cylinders is described in Part Four, Vol. 2. 
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hy lianil. Upon one revolution of this shaft, the spindle head swivels 
through one degree. Thus 

c = lx^X^3CO»=l“ 

Ueforo swivelling the head it is necessary to release its damps by turning 
the square shank of shaft A'.Vr. The spindle quill is extended from and re- 
tracted into the head by turning handwheel I. 

Longitudinal and cross working feeds are powered from separate d>c motors 
having infinitely variable speeds in the range from 24 to i,S00 rpm. Rapid 
traverse movements aru obtained from the same motors which run at a speed 
of 2,400 rpm for this purpose. As is evident from the diagram, the following 
rates of feed and rapid traverse speeds are available for longitudinal (r/g) 
and cross (O travel: 

= ... 1,800: 2.400)^x§x.!|x|.8x2== 

20 . . . 1,500; 2,000 mm per min 

»„ = (21 ... 1,500; 2..i00).^x.^Sx2£s2O... I,,j00; 2,000 inra per min 

In longitudinal travel, screw XVtl is rotated by gcar2Cr; In cross travel, 
tho nut of lead screw Xll is rotated. 

The cross travel motor can bo switched on only after turning tho handle 
of valvo Vj to the UNCLAMR position. This admits oil to the head end of 
tho hydraulic saddle clamping cylinders and releases tho saddle. Limit 
switch LSn is operated by tho unclamping of tho saddle; it prepares tho 
circuit for starling tho cross travel motor. Safely clutches SCi and SCz, 
mounted on shafts IX and A’V, begin to slip in ease of an overload and there* 
by prevent breakage of tho mechanism. 

Manual traverse of tho table in the longitudinal and cross directions is 
entirely independent of power feed and traverse. In hand longitudinal trav- 
erse, rotation of handwheel • is transmitted through tho gearing ^ ^ ~ j;- 
to tho nut of lead screw XVIIi in cross traverse, rotation is transmitted 
from handwheel 3 through the gearing “ j^to Ic^^^ screw XII. 

Tho pressure switch PSi of tho h>drjulic control system switches off the 
spindle drive motor if tho oil pressure in the s>*3lom drops below lo or IG kg 
per sq cm. 

Soviet mineral oil. grade Industrial 20. is empIo>ed as the working fluid 
in tho hydraulic control sjstcm. 

Tlio centralized lubricating system Is separate from the hydraulic system. 
It includes pump Pz, relief valvo ifVi, filter Ft and pressure switch PS^ 

14 * 
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The latter permits spindle rotation to be switched on only when there is 
sufficient oil pressure in the lubricating system. Mineral oil, grade Indus- 
trial 45, is used as the lubricant in the system. 

Compound-table milling machines are extensively employed for the 
high-velocity milling of flat surfaces with large machining allowances on 
housing-type parts. The machines can be set up for an automatic operating 
cycle, comprising the elements: working feed, rapid return and stop. In 
some models of this type the cutter is automatically withdrawn from the 
work during the return traverse of the table to avoid damaging the machined 
surface. 


Fixed-Bed and Planer-Type Milling Machines 

In these machines the table can travel in only one direction — longitudi- 
nally. All vertical and cross movements are imparted to the milling heads 
and the spindles. 

Planer-type milling machines may be of openside (single-housing) design 
(Fig. 152) or of double-housing design (Fig. 153). The fixed-bed models are 
designated as “simplex”, having a single spindle, and “duplex’’, having 
a spindle on each side of the table. The size of the table in the Soviet machines 



Fig. 152. Openside planer-type milling machine, model 6641: 

J bed; 2-table; j-housing; .i-milUng head; s-crossrail 



3 



Fij;. 153 DiiuLU'-liuUMiiK plaiu-r-t>|v imllins laactiinc, itioJel COlU, vsilli tuo vertical 
and tuu lioriruatal «{>indica. 

}-ltd. J'CMJuS *- 4-tMUilr.S, (-tntv-tUr 


ra:i;;cs from 3«0 x 1,000 min lo -i.OOO X 12,000 mm (modl> 0303 ami 
OGiO, n‘.»iu'cti\cly, too Table 23) 

Milling heail5 with horizontal tptiidlcs aro ditpu.'oj on each houtin?, 
while the plaiior-typo marhinet have a crottrail aluii^’ which milling heads 
witli \erlical spindles IraMd. 

In sotting up these nnachiiies. the heads with the horizontal spindles can 
bo adjusted up or down along the huuMiigs; the heads with Vertical spindles 
can bo adjusted tu tlie right or left along thocrossrail and up or down together 
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wilii the crossrail. Those arc ail power Iravorso movements. Besides, each 
spimilo can be extended from its head and, in many models, the milling 
heads can be swivelled to either side of the middle position through an angle 
up to 

Both plain and face mUling cullors arc used on planer-type milling ma- 
chines; horizontal and vertical flat surfaces on various kinds of workpieces are 
machined (chiefly in lot and mass production). 

Figure iT/i illuslralos the general view and gearing diagram of the model 
fixed-bed horizontal duplex milling machine. It is a typical duplex 
model willi two horizontal-spindle milling heads and without a crossraii. 

Sixteen different speeds of rotation are transmitted to the spindles along 

23 20 

llio following gear train: motor iV/j (7 kW, 1,460 rpm), gearing ^ ^ 
double cluster gear providing the engagement ^ or — between shafts /// 


: i 7 2:5 

and /F, double cluster gear on sliaft /V transmilling rotation to shaft V 

and 


.1 1 •'*■1 

liirough gears or y, 


23 37 

a double cluster gear ~ or ^ between shafts 
V and VL From shaft V/ rotation is transmitted further through shaft VIJ 
to shaft VIII (spindle) through the gears ^ X • 

ijtjngiludinal Iravcd of the Lai)Io is obtained when the electromagnetic 
feed ciutch MC\ is engaged through a rack-and-worm drive. This drive 
is powered by d-c motor M-, who.sx* speeds can ho steplcssly varied in the 
range from 21 to 1,000 rpm. Tlioroforo, working feed.s can bo obtained in the 
following range; 


6 /, (21 


i, )U J) „„ X X X X (..j X X -^2o.l2 


80 50 

^ (10 . . . 750) mm per min 

Rapid traverse movements of the table are powered from the same electric 
inoler, hut running at 2, ,300 rprn, through a .sliorler gear train. Bapid traverse 
is obtained when clutcli MC^ is disengaged and electromagnetic rapid trav- 
erse clulcli MC>, is engaged. Then 

80 20 


Srl 


24 


W^5U^4(r^'45^'iT2’'5-12== 4,500 mm per miii 


Veilital traverse of the milling heads is powered by d-c motor M 3 which 
runs at two speeds. The rates of traverse are 


.V. -'(I.BUI); 2,.MO)|ix-~x4|-12. 


48 '"'”28 ij^~(7GS; 1,200) mm per min 

overloads ^ ^ ‘ protect the corresponding gear trains against 
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Rotary'Tabli Ullllng Uaeblait 
Tho taMc of thc^o machines has only rotary feed. In i^etting up the inachino 
the tahio can bo tra\en:cd along tho ^\a>s of the bed crosswiso toward tho 
column, and tho sjiindlo head can be adjusted up or down along tho \erlical 
ways of tho column. In addition, the spindle can bo extended from or re- 
tracted into tho spindlo head. 

Ilotary-lablo milling machines are produced in the USSR in a size rango 
with table diameters from 7o0 to 2,(X)0 mm. Roth horizontal* and \crtical- 
spindlo models aro available (seo Table 23). .Most widely employed of theso 
millers aro tho models with ono or more (two or three) vertical spindles. 
In tho mulliple-spindlo machines ono of tho spindles is used fur finish 
milling. Special rotary-table machines may ))a\c even more spindles. Uouble- 
sided rotary-table millers \silh two housings are also manufactured. 



Fi,;. T^kusiiinJIc MrlKal rutary-talile cnlims niAcIiit.e, ia<idcl C \23 
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The blank is clamped in a fixture on the rotating table of this type of 
machine and it passes under one or more milling cutters, depending upon 
the construction of the miller. The work is loaded and unloaded without 
stopping the table so that milling proceeds continuously. The output is 
consequently very high and such machines are chiefly used in mass produc- 
tion. However, if several different fixtures are mounted simultaneously 
on the table, the machines can be efficiently employed in lot production 
to mill several different workpieces, or different surfaces on identical work- 
pieces. 

A two-spindle rotary-table milling machine of Soviet design is shown in 
Fig. 155. Its principal units are: bed i, rotary table 3 with saddle 2, column 
4, and spindle head 5 with the drive. The two spindles are driven by the same 
motor but can operate at different speeds. The right spindle, designed for 
roughing operations, has a range from 40 to 250 rpm. The range of the left 
spindle for finishing is from 63 to 400 rpm. Frequently, the designs of these 
machines are unified with those of compound-table milling machines. 

The rotary feed of the table is powered from a separate motor through 
a feed gearbox with change gears. The required number of teeth of the change 
gears can be determined from the equation 

Sr — mm per min 

where n„j = speed of the motor, rpm 

i — gearing ratio of the gear train'^from the motor to the table 
D = effective diameter of the table, mm; depending upon the arrange- 
ment of the fixtures, diameter D may be taken as the outside 
diameter of the table or Va or -/g of this diameter. 


8-3. Attachments Extending the Processing Capacities 
of General-Purpose Milling Machines 

1. Dividing heads are used in milling various flutes, slots, grooves, gashes, 
etc., which must be equally spaced about the circumference of the work (and, 
less frequently, unequally spaced) and arranged either parallel to or at an 
angle to the axis of the work. Such jobs may include the milling of spur and 
hehcal gears, spline shafts, twist drills, reamers, milling cutters, etc. 

Ihere are plain, universal and optical dividing heads. The universal heads 
are available in two designs: with and without an index plate 

Plain dividing heads are used for direct indexing (dividing) a circumference 
into a comparatively small number of parts (Fig. 156). Heads of this type 
have an indexing plate with 'a definite number of slots or holes mounted on 
the spindle of the head The plates may .'be interchangeable. The spindle 
IS turned for indexing by hand together with the plate. Such heads may 
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Kig. 15C. Plain «l>%i()iQg hcaJ 


havo either horizontal or vertical spindles; they may be of the single* or 
multiplc'Spindlo type. Mulliplc>spindlc heads aro uacd for simultaneously 
indexing sowral wurkpicccs. 

Optical dividing heads (Fig. 157) arc used for precise measurement of 
angles in manufacturing various parts, and also for inscribing circular 
scales. 

Fro>isiun is made in optical heads for direct indexing. For this purpose, 
siiiglu'sldrt 'Worm 0 Is disengaged, by turning eccentric s!co\o 8, from worm 
wheel 7 having -^lO teeth. After this, spindle C can be turned directly by hand 
and the angle of rotation can bo read off on the scale of disk 5 mounted on 
the spindle. The .<‘calo has ouc-degreo divisions. 

To obtain precise readings the worm is engaged with Iho worm wheel. 
The spindle is now rotated by coarsc-sclling handwheel 10 and fino-adjust- 
ment bead 11. The angle of spindle rotation is read oil by means of iLo optical 
.sjslom with an accuracy within 20*. The optical sjslcm includes the illu- 
minating lamp 2, reflecting plato 3 on which a scale with CO divisions is 
engraved lor reading minutes, glass disk i with 3C0 divisions for reading 
ofl whole degrees, and microscope /. 

The spindle of the head can he tilted to any’anglo up to the %crtical with 
an accuracy williin C' and clamped in position with handle 12. 

Unkersal duidirig heads (Fig. 15S) can he set up for direct, simple or 
difTerenli.al indexing, or for milling helical groo\cs, depending upon the 
job lo bo performed .ind the complexity of the required indexing. 

Vniitrsal duiding heads are set up for direct tndciing m the same way as 
optic.nI heads, i.e., by disengaging the worm from the worm wheel Then 
indoxing is accomplished by turning iho spindle with the work by hand 
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Ki?. I5S. L’ni\i-r>jl tlividin;; hrad: 

I— Index J— hinjunj: 3— »t>lnille. 4— Uil>t«k. i— Index crank 


lhrou({U Ihu ruriuirod angle each Utue. In (hl^ com', the bead inu>t li.i\e. 
niuuutcd on the i-piiulle. either a front plate uitli hok-5 fur an iniiux pin« 
ur n disk uith a scale in degrees. 

In dividing heads of up*t(Hdate design. Mich as Soviet inuJels ll*ld5. 
II-IOO and il*l00, readings are made on the dircctdndexing scale, di\ided 
into degrees, and the Nornier which ciuhles .ingles to he read to un accuracy 
ul b*. Thu angle of .spindle rotation is determined in this case by the eiiuation 



where a® = required angle of spindle rotation 
; s= re(}Uired number of di\j>ions. 

Setting up the head /or simple indejtng. In this ca.'-o worm is engaged 
with worm wheel It’, and index plate / (Kig. l.VJ al)i)\e) or gear Zi «d the 
diilerential. on heads without index plates (I'(g. loll below), is fixed in 
a stationary poailioii. To rotate the '•piiulle — part of the circumference, 
it is nece.N.'ary to turn the worm through «' revolutions, determined from 
the furmula 

, \ 
n — 

where X is tho ratio of the number of teeth on the worm wheel to the 
number of st.trts on liie worm, railed the ratio of the head. 

In modern dividing he.uN. .V i> usually U); there are licads, however, in 
which X equals 00 or bO or even 120 

In Iho index plate heads, index crank 2 is linked to wtjrm thruugii 
gears with a total gearing ratio of I 1 Therefore, to turn the worm thruugii n' 
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revolutions, it will bo necessary to turn index crank 2 through n revolu- 
tions where 



In most cases, E, where E is the symbol for an arbitrary ^\bolo num- 
ber. Tbereforo, it will bo necessary to select a whole number B, such that 
= E. Thus 



If £ > /I wo can write 

n = C+4- (I'O 

where C » number of wholo turns of index crank 2 

B s number of holes in tbo selected hole circle of the index plato 
A number of spaces in tho selected hole circle of tbo index plato 
tbo index pin must pass over in addition to C whole turns of 
tbo crank. 

Indexing heads, models H-i35 and H-ICO, have index plates with blind 
boles on each side. On one sido they have 16, 17, 10, 21, 23, 20, 30 and 31 
hole circles, and on tho other side they ba\o 33, 37, 30, dl, 43, 47, 40 and 51 
bole circles. 

Tbo adjustable sector (see Fig. 158) is used for convcnicnco in counting 
tho number of spaces A on tho selected hole circle B. Tho sector Qngers I and 
II are set to an angle corresponding to the required number of spaces and 
then tho rings are tightened with tbo lock screw. Deforo beginning tbo index- 
ing operation, tho sector is swivelled to bring sector finger I up against tho 
pin of the index crank, located inono of tho holes of hole circle B, for example, 
hole a. Then sector finger If will bo to tho right (outer) sido of hole b into 
which tbo index pin is to bo relocated after indexing. After placing tho pin 
into hole b sw'ivel tho sector once more in tbo same direction until sector 
finger I is brought up against tbo pin again. Then sector finger II will indi- 
cate tho holo into which tho pin must bo relocated for tho next indexing, etc. 

In tbo indexing heads without plates (Fig. 150 below), tho index crank 
for rotating tbo spindle is linked to tbo worm through a gear train consist- 
ing of a diflcrcntlal and indexing change gears y X y • This gear train 
is set up so that tho required number of revolutions of tbo worm (and tho 
consequent angle ofspindlo rotation) is obtained by turning tbo index crank 
a wbolo number of turns, most frequently ono full turn. Thus, tbo gear 
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train must comply with the following equation; 

, a c . . 

n = w y X 


where n = number of index crank revolutions 
fl, b, c and d = number of teeth on the indexing change gears 

^ gearing ratio of the differential (when gear 2i is fixed, 

i^if = 2 ) , _ 

i = gearing ratio between the differential and the worm (i = 1). 
Thus after making the substitution ii' = ^ formula for 

calculating the indexing change gears 


a c N 

T ^ 


(15) 


In addition to the described method of simple indexing, another method 
involves indexing with a certain constant skipping instead of the ordinary 
consecutive procedure, i.e., the spindle of the head is rotated in each index- 
ing operation through a —part of a circle instead of a part. In this 

case, the number p of skips must have no common factors with the given 
number of divisions z. This method is especially useful in cases when the 
dividing head cannot be set up by the method described above. In these cases, 
it will be the only method that can be employed if helical grooves are to be 
milled or if the spindle of the head is to be tilted as in cutting the teeth of 
a bevel gear. 

If the condition implied by equation (13) cannot be complied with due 
to the inavailability of an index plate with a hole circle having B holes (in 
tliis type of head, of course), any hole circle is selected with the largest number 
of holes B' , and the value p (not a multiple of z) is selected so that the numer- 
ator of the fraction 

N 

— B'p 

'h ( 16 ) 


is as close as possible to a whole number, to which it is rounded off. The ob- 
tiiined leJalionship is then transformed, as described previously, according 
to ecjuation (14). 

In setting up a dividing head without an index plate for simple inde.xing 
witli skijqnng, the values of p and n are modified, selecting a ratio iind 
loi tlie indexing change gears which differs from the required value by the 
least possible amount. Thus 



( 17 ) 
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The accumulated error on iho last pilch indexed for a workpiece of a 
radius i?, due to the indicated rounding off, is determined from the equations: 

for dividing heads with index plates 

(*») 

for dividing heads without index plates. 

The error A may bo citlicr pusiti\c or negative. 

DilJcrential indexing is employed in cases when a circumference cannot be 
divided as required by direct or simple indexing, and the method of approx- 
imate simplo indexing docs not provide sufficient accuracy. 

In diflcrcntial indexing the worm is engaged with the worm wheel, and 
indo.x plate 1 or gear heads without index plates, must be linked to 

the spindle of the head through a gear train consisting of the differential 
quadrant with change gears a, 6, c and d in the heads with index plates 
(Fig. 15U& above) and with change gears a., 6-, c* and in the other typo 
of heads (Fig. 1506 below) Since the spindio is thus linked by change gears 
to the drive shaft of the head, diScrciitial indexing is possible only with 
the hpindlc in the horizontal position. 

The special feature of dincrcntial indexing is that the required rotation 
of the work is obtained as a result of the rotation of not only the index crank, 
but of index plate 1 or gear of the differential as well (Fig. loU6). 

The number of turns of the index crank is determined in the same manner 
as for simple indcMiig by making use of formula (14) or (15). However, 
the formula is solved not for the required number of divisions z, but for an- 
other number Zg, near to the required value, and one for which a hole circle 
Can bo .'•elected on the available index plates, or change gcar.'^ can be selected 
for the inde.xing quadrant of heads without index plates. The error of such 
a setup is compensated for by selling up the differential quadrant whose 
gearing ratio ijj is determined (for Loth types of head.**) by the formula 


The gearing ratio ij, may be either posili\e or negative If ij, is positive, 
the ilirection of rotation of (he index plate should coincide with the direction 
of the index crank (clockwise) while gear r, of the ditlercnlial in the other 
t^pe of bend should rotate in the opposite direction If. on the other band, 
iji is iiegalivo and the iiide.\ crank is rotated clockwise, the index plate 
must rotate in the opposite direction (counterclockwise) and gear Zi in 
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train must comply with the following equation; 

, a c . . 

n =n-^X-jidif^ 

where n = number of index crank revolutions 
a, b, c and d = number of teeth on the indexing change gears - 

.= gearing ratio of the differential (when gear Zy is fixed, 

tdlf 

i = gearing ratio between the differential and the worm (i = 1). 

Thus after making the substitution n' = ^ we can wite the formula for 
calculating the indexing change gears 

b ^ d 2zn ' 

In addition to the described method of simple indexing, another method 
involves indexing with a certain constant skipping instead of the ordinary 
consecutive procedure, i.e., the spindle of the head is rotated in each index- 
ing operation through a —part of a circle instead of a part. In this 

case, the number p of skips must have no common factors with the given 
number of divisions z. This method is especially useful in cases when the 
dividing head cannot be set up by the method described above. In these cases, 
it will be the only method that can be employed if helical grooves are to be 
milled or if the spindle of the head is to be tilted as in cutting the teeth of 
a bevel gear. 

If the condition implied by equation (13) cannot be complied with due 
to the inavailability of an index plate with a hole circle having B holes (in 
this type of head, of course), any hole circle is selected with the largest number 
of holes B', and the value p (not a multiple of z) is selected so that the numer- 
ator of the fraction 


N 

— B'p 




is as close as possible to a whole number, to which it is rounded off. The ob- 
tained lelationship is then transformed, as described nreviouslv, according 
to equation (14). 

In setting up a dividing head without an index plate for simple indexing 
with skipping, the values of p and n are modified, selecting a ratio i,nd 
lor the indexing change gears which differs from the required value by the 
least possible amount. Thus 


b ^ d 
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The accumulated error on the last pitch indexed for a workpiece of a 
radius if, duo to the indicated rounding off, is determined from tho cciuations: 

03 ) 

for dividing heads with index plates 

(,o, 

for dividing heads without index plates. 

Tho error A may he either positi\e or negali\o. 

Didcrential indexing is employed in cases %vhDn a circumference cannot he 
divided ns required hy direct or simple indexing, and tho method of approx* 
iinato simple indexing does not provide sufficient accuracy. 

In dincrential indexing tho worm is engaged with tho worm wheel, and 
index plato 1 or gear C|, on heads without index plates, must he linked to 
tho spindlo of tho head through a gear train consi>ting of tho diffcrenlinl 
quadrant with change gears a, b, e and d in the heads with index plates 
(Fig. 15U6 nboNc) and with change gears o*, 6*, c* and d. in the other typo 
of heads (Fig. 15'Jh below). Since tho spindle is thus linked hy change gears 
lo tho drive shaft of the head, differential indexing is possible only uith 
tho ^pindio in tho horizontal position. 

Tho special feature of differential indexing is that the required rulation 
of tho work is obtained ns a result of the rotation of not only tho index crank, 
hut of index plate 1 or gear Ct of the differential as well (Fig. 15116). 

Tho number of turns of tho index crank is deterniined in the sanio manner 
as for .'■implc indexing by making use of formula (1*5) or (15). However, 
tho formula is soHed not for the required number of divisions r, but fur an* 
other number near lo the required value, and one for which a hole circle 
can be '■elected on the n\ailable index plates, or change gears can be selected 
for the indexing quadrant of heads without index plates. The error of such 
a setup is compensated for by setting up the differential quiidrant whoso 
gearing ratio ij; is determined (for both types of head.*") by the formula 

TIio gearing ratio ij; may he either positive or negati%o. ff ij, is positi\c, 
the direction of rotation of the index pLite should coincide with the direction 
of the index crank (clockwise) v^hile gear r, of the differential in the other 
type of he.ad should rotate in the opposite direction If. on tlio other hand, 
fji is iiegatiNe .and the index crank is rotated clockwise, tho index platu 
niml rotate in the opposite direction (counterclockwise) and gear ;i in 
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the same direction as the crank (clockwise). The required direction of rota- 
tion of the index plate or of gear Zj, as here indicated, is obtained by intro- 
ducing an intermediate gear, if required, into the differential quadrant. 

DiWding heads, models H-135 and H-160, are furnished with change 
gears having the folloMdng number of teeth; 25, 25, 30, 35, 40, 50, 55, 60, 
70. SO, 90 and 100. 

Setting up a universal dividing head for milling helical grooves involves: 
setting up the head for simple indexing to the number of starts of the helical 
grooves (or number of flutes, etc.); setting up the change gear quadrant for 
helical milling, and svdvelling the work table to the helix angle of the 
grooves or flutes so that the central plane of a disk-type cutter coincides with 
the direction of the helical groove. It is not necessary to swivel the table 
if an end-mill type cutter is used. 

The helical motion of the work required to mill the groove is composed 
of two simple motions— rotation of the blank about its axis and travel along 
this axis. The ratio of these two motions should be such that in one revolu- 
tion of the blank it travels axially a distance equal to the lead of the helical 
groove to be milled. This ratio is obtained by setting up the gear train -which 
links the lead screw for longitudinal table travel to the spindle of the head. 
In heads with index plates this gear train includes the folio-wing elements 

(see Fig. 159c): lead screw screw-cutting quadrant y = X ^ , con- 

stant bevel and spur gearing -with i = 1, index plate 7, index crank 2, worm 

gearing t ^i^d the spindle. The elements of the other type of heads 


are: lead screw screw-cutting quadrant y = X , spur gearing 

bi dj 

with i ~ 1, bevel gearing X X = 1, spur geeiring with i = 1, 

•'1 *2 ^3 ^ 

worm gearing^ and the spindle. 

From the equations for these gear trains we can write the setting-up 
formula for the thread-cutting change-gear quadrant. It is identical for 
both types of heads 


thg 


(20) 


where t^g — lead of the helical groove 

If T- longitudinal travel lead screw of the machine, 

nf ti, ^ helical surface IS specified by the helix angle ft and the diameter/) 

from the fomula referred, the lead of the helix is found 
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Fij'. U'll. UiuvorHiil milliiiK nllacli- 

ini'iil 


ilolary tables used for indexing purposes 
(Fitr. IbO) iiavo a rneclianisin for lixing 
and clamping tlio table. The table is rotated 
by a crank handle through worm gearing 
and the angle of table rotation is road off on 
a circular scale on the periphery of the 
table, or indexing is accomplished with an 
index plate by tho simple indexing method 
(Fig. 100a). Tho required number of turns 
of tho crank handle, or index crank, is 
determined from tiio formula 



whore ~ ratio of tho rotary table (ratio 
of tho number of tooth on the 
worm wheel to tho number oi 
starts on tho worm) 
z = immlier of divisions required. 

If tho table is to be rotated through 
a given angle between the surfaces being 
milled, llie number of liandlo turns is 
determined from the formula 

(1S()°-/1) Nt 
800° 


where /I is tile angle between the surfaces to bo milled, deg.^ 

C.irenlar milling altaclunents used for continuous milling are poworou 
either from the fei'd gearbox through a drive rod of tho longitudinal table, 
if sneli a table is available (Fig. KiOb), or from an indepondout drive through 
a feed gearbox (h'ig. IfiOr). Milling operations with continuous food are 
performed in the same way as on a rotary-table milling machine. 

U nitri\‘<(il tailliii;4 allachmcnls (Fig. 161) are used on ii.xod-bod, and 
plain and universal hori/amlal milling machines for machining Hat surfaces 
arranged at various angles, Tho attachment is mounted on tho dovetail 
guides of the overarm and is driven by tho spindle of tho milling machine, 
'[’he siiindie of the allachment can bo swivelled through 90° about axis y 
and 1.')° about axis x to either side of tho vertical position. Such attachments 
ari' employed to mill various grooves, impressions of dies and other similar 


Work when a ram-head milling machino is not available. 

'i. (Iniivrsal spiral inilliny altachuumls (Fig, 162) are used for helical 
milling with a dislc-lype cutter on a plain horizontal machino, and also in 
milling with a largo lielix angle on a universal machine (if tho helix angle 
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exceeds tlio innxinnuii angle of table s\\i\cl)> Tlio spindle' of tho'uttachincnt 
can be s\\ivclled to any angle about the liorizuntal and xerticnl axes. The 
processing capacities uf a plain horizontal milling machine are extended 
by this allachincnt to those of a iinhcrsal horizontal miller. Installed on 
a uiiivcrsnl miller, the attachment enables hclic. 1 l grooves with a helix 
angle over 15^ to be milled. Such include the thread of worms, screws, etc. 

5. A slotting attachment can bo used for slotting keywn>s and contoured 
surfaces when a regular slotting machine is not available. The slotting 
attacliment (Fig. 103) is mounted on the horizontal spindle of the milling 
machine and its liousing is secured to the column or spindle head. The 
mechanism uf the attachment converts rotation of the spindle into recipro- 
cating motion uf the .sliding ram. Single-puinl slotting tools are clamped into 
one end of this ram. The sliding ram can be set at any angle up to 3C0^ about 
the horizontal axis. 


8-4. Single-Purpose Milling Machines 

Single-purpose milling machines are designed for machining p.irl.‘» of 
a single typo with diflerenl milling cutlers. They can bo changed over for 
the efficient machining of hlaiiks for one size of parts to those of another 
size, and find apphcatiuii in lot and large-lot production. 

The most widely emplo>ed siugle-purpo.'-o nulling inacluncs are- (a) Irac- 
er-conlroMcdfduplicaling machines; (b) keyway millers, (c) circular ‘•awing 
machines; (d) drum-type milling machines, (e) circular milling tiiachint.-: 
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(f) thread-milling machines (see Vol. 2, Part Three, Chapter 5); (g) gear- 
hobbing machines (see Chapter 13) and (h) numerically-controlled milling 
machines (see Vol. 4, Part Six). 


Tracer-Controlled Duplicating Machines 

Parts of complex shape, such as blanking and bending dies, metal foundry 
patterns, permanent moulds, plastics moulds, propeller blades and. turbine 
blades, are milled in tracer-controlled milling machines. These machines may 
be modifications of certain standard models or may be designed as special 
models for machining parts of a single type. They may have one or more 
(two or three) horizontal or vertical spindles. In the multiple-spindle models, 
several identical parts or parts that are “mirror images” of each other can 
be milled simultaneously. The processing capacities of certain tracer-con- 
trolled models are extended by the provision of facilities for numerically 
controlled operation (Fig. 164), 

Heavy tracer-controlled milling machines are sometimes equipped with 
closed-circuit TV units enabling the operator to watch and control the 
machining process from a convenient position. 

The control systems of up-to-date duplicating machines incorporate 
mechanical, electromechanical and hydraulic servomechanisms in various 
combinations. Mechanical servomechanisms are used in small machines 
which do engraving work, or for milling complex surfaces of small parts 
to templates, in cases when the required machining accuracy is within 0.1 
or 0.2 mm. 

Figure 165 illustrates a pantograph milling machine for tracing operations. 
Base 9 mounts column 3 with pivot 4 of pantograph 6. Spindle 2 of the 
milling head and tracer spindle 7, carrying the stylus, rotate in bores of 
the pantograph. Bracket 5, joined to pivot 4, supports the pantograph. 

In milling, the operator moves the stylus by hand along the template or 
model secured on table S. At this, the cutter reproduces the motion of the 
stylus on a reduced scale (from 1 ; 1.5 to 1 : 10) and thus mills the blanli 
clamped on table 1 to the required shape. The scale of reduction can be 
changed by shifting slide blocks 20 and 11 along the arms of the pantograph. 
Work table 2 and template table 8 can be adjusted in the vertical and hori- 
zontal directions. The cutter spindle is driven by a 0.4-kW motor running 
at 1,480 rpm through two stepped belt transmissions which provide six 
spindle speeds in the range from 1,750 to 9,600 rpm. 

It is necessary to ensure reliable contact between the stylus and the template 
in millers with mechanical tracing systems. Excess clearances and elastic 
deformation in the system, and variations in the cutting force and chip 
cross section in milling may lead to a lack of contact or to vibrations, so 
that cbatter-uiarks are produced on the work. 






I’ig. 1GI>. Seiniauloinalic eluclroinochanical tracer- 

(a) goneral view. 

In Iracer-conlrollcd milling machines with electrical or hydraulic servo- 
mechanisms, the culling force has no influence on the force of contact between 
the stylus and template. This enables the contact pressure on the template 
to he reduced to O.l-O.G kg. Also available are contactless electronic tracing 
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els in the longitudinal direction along the ways of bed 1. This traveMs pow 
ered by d-c motor M,., (0.37 kW, 85 to 1,085 rpm) and its speed can be step- 
lessly varied in the following range; 

i;,. = (S5...1,085)^x4|-X^6x2^(25...315) mm per min 

Uprights 3 and 4 are mounted on the table. The lower upright 3 is for 
clamping the work, the upper upright 4, for clamping the model or master. 

End mill 43 has 18 different speeds, from 63 to 3,150 rpm, and is driven 
from a two-speed motor Mi through a 9-stage speed gearbox mounted in 
spindle head 12. This head is mounted on saddle 11 which travels vertically 
along the ways of column 10. This motion is powered by a d-c motor 
and the speed of travel varies as follows: 

^0 = (85 . . . 1,085) ||-x-§-X-^6x2^(25... 315) mm per min 

Spindle head 42, to which housing 6 of the tracer unit is secured, can also 
travel in the horizontal direction along the saddle. This travel is powered 
by a d-c motor Mcr and the speed range is 

ycr = (85 . . . 1,085) x X 6 x 1 ^ (25 ... 315) mm per min 

During operation of the machine, when table 2 travels in the longitudinal 
direction, stylus 3, also called the explorator or form tracer, held against 
the model by a spring, moves axially, or crosswise, in accordance with 
the contour of the model. This motion varies the air gap between armature 8 
and coil cores 7 and 9. This alters the inductive currents in these coils 
and the signals produced are used, after thousandfold amplification and 
rectification, to supply motor Mcr which powers the reproducing motion of 
the cutter spindle in accordance with the tracing motion of stylus 5. 

When the stylus has passed over the full length of the model, spindle 
head 42, together with end mill 43 and stylus 5, is traversed vertically by an 
amount equal to the width of the removed layer of metal and then the table 
automatically reverses. These movements are repeated until the stylus has 
passed over the whole model. 

One of the simplest hydraulic circuits for the servomechanism of a tracer- 
controlled milling machine is shown in Fig. 167. Its principle of operation 
consist.s in the following. During longitudinal travel of table 4 on which 
blank 2 and template 4 are clamped, stylus 3 of the hydraulic tracing device 
moves up and down in accordance with the profile of the template. 

As the slylus^moves downward under the action of spring 6, slits h and d 
of tracer valve 5 are opened. As a result, oil delivered by pump P is admitted 
through slit h of the valve to the head and of the hydraulic actuating cylin- 



M. SINGLU-injnPOSC milling mvciunfs 


23- 



Fig. tG7 Hydraulic bcrNutocchamsm circuU (ur a Iracct-cuiilrullcd aulUiig macUinc 

dcr. Tlio prc^^sure of oil in this end of (ho cylinder forces the piston together 
with its rod. spindle head 7 and the body of tracer val\o 5 downward, while 
oil from the rod end of the cylinder drains through slit d back to the tank. 
Tho spindle head will conttnuo to tra\el downward until silts h and d arc 
closed by the body of the (racer valve, llelief vahe V protects tho ]>ump 
against overloads. 

When tho stilus tno\es upward, slits a and c of the tracer valsc arc opened 
and oil from pump /' is admitted Ihrougli slit a to tho rod end of the 
actuating cylinder, wliilc from tho head end tho oil drains through slit c 
back to tliu lank. At this, the piston together with tho spindlo head and 
body of the tracer \al\c travels upward until slits a and c aro again closed 
Ly tho vahe body. 

Tlius tlio power cjhnder, rigidly linked to tho spindle head, reproduces 
the motions of the tracer \ahe stylus. The tracing accuracy may be \ery 
high, of the order of 0.01 or 0.02 mm. 


Kejrway Uilllag Uachinct 

Keyway milling machines are intended for milling koywaj.s in >Jiaft.^ 
of \arious size.«. In certain models the 'ize of the keyway depend.^ only upon 
the size of the cutter (end mill) 

Such machines usually operate on one of the following cycles: (1) feed- 
down to the full depth of the keyway followed by longitudinal feed along 
the length tif the key way (Fig IWvi). and (2) operation on a reciprocal milling 
cycle, i.e., repeated rapid reciprocating longitudinal trj%el of tiie cutter 
along the length of the keyway with feed-down at tlie end of each stroke 
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Fig. 168. Methods of milling kcyways 


equal to a small part of the full depth (Fig. 168&). The output is higher with 
the first method. The second method provides a substantially longer toot 
life. This is an important feature for machines of this type since after the 
cutter is sharpened, its diameter will he reduced and it can no longer milt 
keyways of accurate width. 

Keyway milling machines that operate on another principle can produce 
keyways of accurate width independently of the actual diameter of the 
end mill. Such machines operate according to the first of the methods 
described but the end mill is either mounted eccentrically in relation to the 
spindle axis (Fig. 168c), or it has an additional oscillating motion in the 
transverse direction (Fig. IGSd). 

Depending upon the arrangement of the spindles and their number, key- 
way milling machines are classified as horizontal or vertical, and single- 
or multiple-spindle models. 

Figiuro 169 illustrates a vertical keyway milling machine, model 692M, 
operating with an end mill on a reciprocal milling cycle. The machine 
has spindle head i, base £f, knee 3 which can be adjusted vertically in setting 
up, and table 2 which can be traversed crosswise by hand. 



S1NGLC*PURP03E MILLING MACHINES 


23 1» 


1 



FJj. 1C9. VcrUCat Lcy>»j>' macljfnt, mixicl C02\I 
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Fij,'. 170. Cuiubiiioil hydraulic circuit and gearing diagram o[ the model koyway 

milling machine 


Shown in Fig. 170 is tho hydraulic circuit and gearing diagram of the 
inodol JI,d)-82J.|, koyway milling machine. 

Tlii.s machine can he used for milling keyways from 3 to 20 mm wide and 
up to 300 mm long. At the end of each longitudinal stroke the cutter is fed 
down not more than 0.0 mm. The rate of longitudinal feed ranges from 450 
to 1,200 mm per min, 

Tlie spindle head has a hydraulic drive providing the longitudinal feed 
and the vertical feed of the spindle into the work. The spindle has twelve 
speeds ranging from 270 to 3,380 rpm. It is driven by a two-speed motor Mi 
through a three-step V-helt transmission with change pulleys (Fig. 170). 
The same motor drives pump P of the hydraulic circuit. Oil is delivered 
from pump P through liltcr F to pilot valve Vj which operates valve V-j- 
Filot valve F, is shifted at the end of each longitudinal stroke liy adjustable 
trip dogs. At the same time, oil from pump P is delivered through flow-control 
valve 7'i to the rod end of hydraulic cylinder Ci^ which jirovides the longi- 
tudinal feed. Depending upon the position of valve hydraulic cylinder 
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Cfj travels cithtT to the rij^ht or left. Upon travel to the right, the head end 
of the cylinder is connected through valve V2 with tho tank; upon travel to 
the left, tho rod and head ends of tho cyliirder are connected together. In 
the latter case, cylinder Cig operates on a differential circuit (seo Part Four). 
Tho ralo of longitudinal feed is varied steplessly hy ilow-conlrol valve Tj in 
tho range from <^100 to 1,200 mni per tniii. 

Vertical travel of the spindlo quill can bo accomplished cither hy hand 
from s<iiiaro shank SSi whose rotation is trarisinitted through tho worm 
gearing ^ to rack pinion Cj which meshes with the rack cut on the quiil, 
or by power from hydraulic cylinder Cg whoso piston moves worm r, a.\ially 
and thus rotates worm wheel z^. 

Periodical vertical feed at tho end of each longitudinal stroke of tho spindlo 
head is transmitted to tho cutter due to metered release of oil from the rod 
end of hydraulic cylinder Cf In the middle position of valvo Vj, oil is 
delivered from pump P through filter F and valve to tho head end of 
cylimler Cp. From tho rod end. oil is forced out tlirough valvo Vi to tho 
metering cylinder wliich has a floating piston whoso stroke can he regulated 
by liaiulwheel 7/11':. Ono of tho ends of this cylinder is connected through 
valve 1*4 to llto tank while the other is connected to tho rod end of cylinder 
Cf. At the moment of (able reversal, pilot valve I'l operates, not only valvo 
P;. but also valve 1^, which connects the empty end of the metering cylinder 
to the rod end of cylinder Cf and the full end to the lank. As a result, tho 
following volume of oil is drained to tho tank: 



where d ~ diameter of the metering cylinder 
I =3 set-up stroke of tho metering piston. 

This allows the piston of hydraulic cylinder C* to move an amount equal to 



‘ “ </•» Vi-d* 

where D and d, are tho diameters of hydraulic cylinder C, and its rod, 
respectively. 

This will feed the spindlo quil! down hy the amount S„, equal to 

' li/* — a*i fijs. 

where nij and nij = modules of the worm wheel and rack pinion, respec- 
tively 

Zi and Cj number of teeth on the worm wheel and rack pinion, 
respi-ctively 
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The down feed can be varied, by turning handwheel HW'z, in the range 
from 0.05 to 0.6 rnrn per stroke. 

The periodical feed ceases when the end of worm Zi reaches stop S. 

When valve is shifted to the RAPID UP position, the piston of hydrau- 
lic cylinder C'y returns to its initial position. The spindle quill can be rapidly 
lowered within the limits establi.shed by the value *S'„ by shifting valve 
P3 to the RAPID DOWN position. 

Circular Sawing Machines 

Circular sawing machines are intended for cutting off rolled stock • of 
various shapes. These machines use circular saws from 350 to 2,000 mm in 
diameter and from 4 to 12 mm thick {Fig. 171). Saw rotation (the primary 
cutting motion) is powered from an electric motor through a mechanical 
speed gearbox. The vertical or horizontal feed motion is obtained from 
a hydraulic drive which is also used to clamp the stock being cut. A hydrau- 
lic drive enables a semiautomatic or automatic cycle to be more simply 
obtained and facilitates setting-up operations. 

The combined hydraulic system and gearing diagram of the automatic 
and semiautomatic circular sawing machines, models 8A631A and 8A631, 
respectively, is .shown in Fig. 172. The 350-mra saw has six speeds. It is 
powered by a 2.8-kW motor Mj through the double and triple cluster gears 
of the speed gearbox. The hydraulic drive, assembled of standard items, 
provides for rapid approach, working feed and rapid return of the spindle 
head, as well as clamping and unclamping of the stock. In the automatic 
model (8AG31A), the stock is also gripped and fed hydraulically. 

When the machine is started, motors M\ and M 2 , are switched on simul- 
taneously and solenoid Sdn of valve V 2 is energized. Oil is delivered by 
pump P through filter F and valve Vn in its right-hand position to the upper 
end of vertical clamping cylinder Ccc- After the stock is released and after 
the oil pressure is built up to 25 kg per sq cm, the oil bypasses valve 
and pusses through flow-control valve T 2 to drive hydraulic motor IJM of the 
chip disposal mechanism. If the oil pressure before flow-control valve T 2 
exceeds 12 kg per sq cm, the surplus oil will drain through valve Vs to the 
tank. 

^ Upon transmission of the command STOCK GRIP, solenoids Sds and 
iS’d/. of valves V-j and F/. are energized. Oil passes through valve V 3 in its 
left-hand position to stock gripping cylinders Cg„ whose pistons compress 
their springs and grip the bar of stock. After the bar is gripped and the 
pressure is built up to 12 kg per sq cm, valve Fg is opened. This valve connects 
the liead end of bar feed cylinder Cj,/, through valve F/. in its right-hand 
position, with pump P. This feeds out the bar of stock. From the rod end 
of cylinder the oil drains hack to tlie tank through valve Vt in its right- 
hand position. 




Fi^. 171. Circular ^avvinS machnio, model SCil 


At the end of the bar feed, limit switch LSj de-energizes solenoid Sdj. 
Under spring action, tho pistons of cylinders arc spread apart, forcing 
the oil through %alve Vj in its right-hand position back to the tank. At 
tho end of the retraction of the grips, limit switch L5* de-cnergues the sole- 
noids Sd^ and Sd 2 of valves I'i and 1%, and simultaneously energizes solenoid 
Sd| of valve V|. When solenoid Sd, is de-energized and the spool of vaho 
Tt returns to its left-hand position, the carriage is withdrawn. 

1C» 
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When solenoid Sd2 is dc-cnergixed, the spool of >alvc Vz shifts to tho 
CLAMP position and the slock is clamped. When tho oil pressure has been 
built up to 17 kg per sq cm, valve opens, admUtiug oil into the cjiindcr 
of hydraulic safety clutch SC and into the rod end of the spindle head feed 
cylinder C/and, simultaneously, through the rapid approach position of \aho 
Vs, nonreturn valve Vio and valve Vi in its left-hand position to the head end 
of cylinder Cf. Thus this cylinder operates on a differential circuit (see Part 
Four) and the spindle head rapidly approaches the stock. At the end of the 
rapid approach, stop S shifts tho spool of valve Vj to its left-hand position. 
The flow of oil from the rod end to the head end of cylinder C/ depends upon 
the set-up area of the orifice in flow-control valve Tt uhich determines tho 
rate of working feed. During working feed, surplus oil drains through 
valve V 7 . 

At tho end of the working feed, limit switch LSi de-energizcs solenoid 
tS’dj. As a result, the head end of cylinder C/ is connected to the tank and 
the spindle licad is rapidly withdrawn. At the end of this mo^ement, when 
tho spindle head returns to its initial position, limit switch LSz energizes 
solenoids Sdz, Sd^ and Sd^ whose circuits ha\o been prepared by limit switch 
LSi. At this, the stock is undamped and gripped by tho bar feed device. 
As soon as the oil pressure builds up above 12 kg per sq cm, the bar of stock 
is fed out again. Limit switch LS-t switches off the machine when tho whole 
bar of stock has been cut up, while limit switch LS9 slops tho machine if 
the load on the saw blade e.\cecds the permissible value. 

The semiautomatic model (8AC31) docs not have cither a bar feed mecha- 
nism or valves V 3 and V^. Instead, this model has a stock lifting cylinder C|, 
side clamping cylinder C- and a flow-control valve T3 which controls the 
sequence of operation of the side and vertical champing facilities. Cylinders 
Ci and Cz and valve T3 arc shown with dashed lines in tho diagram. 


Drum-Type Uilling Machines 

This type of milling machine is intended for simultaneously machining 
two parallel end surfaces of housing-type parts or the end faces of shafts. 
The work is clamped to the faces or in the V-blocks of a slowly rotating drum 
J (Fig. 173) from 500 to 2.000 mm in diameter, and passes between two or 
three series of cutters; one pair of opposed cutters serves for finish milling. 
The workpieces are loaded and unloaded, without stopping the machine, 
by an automatic loading device, or by hand using a special fi.\ture. Spin- 
dles 3 are powered through mechanical gearbo.ves from motors arranged either 
on each spindle head or on each housing In the second case, one motor 
drives tho group of spindles mounted on the housing. Tho drum is driven 
by a separate motor 1 through worm gearing arranged in guard 2. 
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Fig. 173. Drum-type milling macJiine 


Circular Milling Machines 

Circular milling machines serve for machining surfaces of revolution 
with plain or form milling cutters having teeth on the sides of the cutter, 
ashvell as face mills and hollow mills. 

The blanks for short contoured parts are milled by one or two form cutters 
whoso profile corresponds to that required on the work. In addition to the 
primary cutting motion, cutter rotation, two feed motions are used: feed- 
in and circular feed Sq. The feed-in motion may be tangential St or radial 
Sr and is accomplished with the blank stationary or rotating slowly 
(Fig. 174a). To completely mill the blank after the cutter has been fed 
to the required depth, it is sufficient to rotate the work through 185° if two 
cutters are used, or through 365° for a single cutter. 

In milling cylindrical surfaces of considerable length with plain milling 
cutters (Fig. 174&), longitudinal feed Sig along the -elements of the surface 
of revolution is transmitted to the cutters when, after infeed Sr, they reach 
the required depth of cut and after the blank has. turned through an angle 
.of 185° (or 365° for a single cutter). 
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In addition to tlieir high output, advantages of circular milling machines 
are the long cutter life, due to the relatively short time each tooth of the 
cutter is actually engaged in cutting metal, and the easily handled chips 
produced, requiring no chip breakers or other devices. 


8-5, Holding the Tool and the Work 
in fililling Machines 

The nose of milling machine spindles has been standardized (USSR Std 
GOST 83G-62). It has a locating flange (outside diameter) and a steep taper 
socket with 7 ; 24 taper ( 3 V 2 in. per ft) for better location of arbor and 
end mill shanks. Rotation is transmitted to the cutter through driving 
keys secured to the end face of the spindle. 

Large face milling cutters are mounted directly on the spindle flange 
and are secured to the end face by screws. Rotation is transmitted to the 
cutters through the driving keys of the spindle (Fig. 175). 

Plain and side milling cutters are mounted on an arbor wdiose taper 
shank is drawn up tight into the taper socket of the spindle with a draw-in 
bolt. Milling arbors may be long (Fig. 176) or short (stub arbors). The 
outer end of a long arbor is supported by an overarm support in the knee- 
type machines with a horizontal spindle, or by the opposing spindle in the 
duplex fixed-bed models. The cutter is mounted at the required position 
on the arbor on a key or without one and is clamped betw’een collars or spac- 
ers with a largo nut. 

On stub arbors 7, the end mills or face milling cutters are driven either 
by an axial (Fig. 177a) or an end (Fig. 1775) key 2. 



Fig. 175. Holding a face milling cutter on the spindle of a milling machine: 
I— CMUor; C— Urivlntr Ley; 3— spindle 


Fip. 17C. Holding an arbor-type outer on n long arbor: 

1 — drawln boll, spindle, 3— arbor: 4— cutter. 3— arbor support; 3— collars or spacers 



Fig. 177. Holding shell end nulls and face nulling cuUers on stub arbors 
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Fig. 178. Chuck for holding straight-shank end mills 



Fig. 179. Vises: 

(fi) plain; (6) swivel; (c) universal 

End mills, T-slot milling cutters and others ol the Inner .shank type are 
secured with a draw-in holt either directly in the taper .socket of the spindle 
or by moans of adapters. Straight-shank cutters are held in chucks (Fig. 178). 
m.rhin c • most frequently clamped in general-purpose milling 
inhl Tn f universal vise (Fig. 179) fastened to the work 

urnod^.?! contrast to those of a plain vise, the jaws of a swivel vise can bo 

V srrtn m 'f required angle and clamped. A universal 

un to 90° si ml r*”” swivelled about a horizontal axis through an angle 
mr .s o? IvfoZ I lb? retimes used instead of the flat type to clamp 
oil tile work tnhlo iti;?* Blanks too largo for a vise are clamped directly 

- nnorl 1 h H fastening elements such as strap clamps, 

.mpport l,locl,b, chisel points, stop blocks, T-slot holts, etc. (see Fig. 203). 
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The distinguishing feature of planing, shaping and slotting is that the 
shape-generating motion consists of a straight-line reciprocating motion at 
the cutting speed and a straight-Iinc intermittent feed motion. 

In planers, the work reciprocates with the cutting speed; in shapers and 
slotters, this motion is imparted to the cutting tool. 

All machines of this group arc intended chiefly for machining horizontalt 
vertical and inclined flat surfaces, or combinations of such surfaces, on 
workpieces of cast iron, steel, nonferrous metals and certain types of 
plastics. 

Planers, shapers and slotters diHer in the arrangement of the principal 
parts and in tlie kind of work they do. 

The attainable and economically feasible accuracy and surface finish ob- 
tained on these machines are listed in Table 24. 


TADLE 


Pl.inln?, shaping 
nnd slotting | 

1 GraCc of accuracy 

Surface finish 
ctav5 

Limits j 

)Iean rconnmlcallr 
feasible 

lloiiKhing 1 

4-7 

5 

3-4 

Finishing 

3a-4 

4 

4-5 

Precision 

2a-3a 

3 

C-8 


9-1. Planers 

Planers are used to produce flat surfaces on work nhich is impossible 
or inconvenient to machine in a miller. Planers find application in 
medium and heavy engineering plants for piece and small-Iot production, 
as well as in repair shops. Rough (surface finish V3-V4) and finish (r4-V5) 
planing can he performed, as well as precision planing with a high accuracy 
and a fine surface finish (VG-VS). 
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The model 7210 double-housing planer is shown m Fig. 180&; the gear- 
ing diagram of the model 7212 planer is shown in Fig. 181. 

The bed of this planer is a box-shape grey-iron casting with two longitudi- 
nal ways, one flat and the other of the V type. Heavy planers, for example, 
model 7240, have three ways. Long planers may have a bed consisting of 
several castings, carefully machined and bolted together. 

The bed ways are protected against dust and chip particles by steel bands 
secured to the ends of the ways and passing through a slot in the table. 
A box-shape table with internal stiffening ribs travels back and forth along 
the bed ways. The ways are faced with plastic strips to increase the wear 
resistance and to prevent scoring. T-slots run the whole length of the working 
surface of the table and receive T-bolts for clamping the work. Rows of holes 
between the T-slots are provided to accept stop pins preventing movement 
of the work under heavy cuts. 

The helical rack of the table drive is mounted underneath the table between 
the ways. Spur or worm racks are sometimes used in place of the helical 
rack. A worm rack, meshing with a worm, provides smoother action, both in 
travel and during reversals, because more threads of the worm mesh simul- 
taneously with the rack than do the teeth of a pinion with a spur or helical 
rack. 

The table (see Fig. 181) of the model 7212 planer is driven by a d-c motor 
through a mechanical speed gearbox. This enables infinitely variable cutting 
and return stroke speeds to be obtained independently of each other. The 
following automatic cycle of table reciprocation is available; slow speed as 
the tool is started in the cut, acceleration to the preset cutting speed, a 
cutting stroke at this speed, slowing down as the tool leaves the cut, rapid 
table return at the preset return stroke speed, and feed of the tool heads. 
The cycle is controlled by a mechanism mounted on the speed gearbox. It 
slows down the table speed at the required points by an amount depending 
upon the preset feed. This provides for a constant overrun of the table at the 
ends of the stroke, and for minimum overtravel. 

The model 7212 planer has a special braking device which prevents the 
table from running off the bed due to a mechanical or electrical failure of 
any kind. This device consists of three-tooth broaches mounted at the two 
ends of the tal)le. If the table rack runs out of mesh with its pinion, the 
corresponding broach will cut into a steel strip fixed to the bed, thus 
bringing the table gradually to a stop. 

The frame of the planer consists of two housings secured below to machined 
surfaces of the bed and connected on top by a cross-member called the arch, 
ihc sicie tool heads and the crossrail travel vertically along the ways of the 
lousings. The v eight for counterbalancing the side tool head is arranged 
inside the housing. The crossrail elevating mechanism is mounted in the 
Iiousings and the arch. 
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Fig. 182. Clamping single-point 
tools on the tool block of the tool 
head on a planer 


The crossrail is a cast-iron beam of 
box section, considerably stiffened by 
a central web and ribbing. It carries the 
two crossrail (vertical) tool beads, tool 
head feed gearbox, duplicate controls and 
the crossrail clamping mechanism. 

The crossrail is clamped on the housings 
by means of a lever system (see Fig. 181). 
The crossrail is traversed by motor Mi 

through worm reducing gears (i = 

linked to two vertical screws with a pitch 
i = 8 mm, located in the housings. Cross- 
rail traverse is interlocked with its clamp- 
ing on the housings. When the push 
button CROSSRAIL UP or CROSSRAIL 
DOWN is pressed, the crossrail begins 
travelling in the required direction after 
the clamps are released. The crossrail is 


automatically reclamped at the end of its 
traverse motion. 

All the tool heads are identical in construction. The harp with the slide 
can De swivelled by means of a worm to an angle up to ±60° for planing 

0^ sang tools are clamped on the tool block 
viff: n 4 Dugins return stroke of the table the tool 

1 ^ ^^^^^^atically lifted from the machined surface. Before 

he beginning of the cutting stroke the tool block is returned to its position 

any cleScr ^ application of a certain force that eliminates 

In provides the tool head drive and enables the rate of feed 

The fie ie.H • ' horizontal and vertical directions. 

motor M (Fi> hy a .separate flange-mounted reversible 

iiiotoi M, (l-ig. 181) from which rotation is transmitted through worm 

gearing - to main shaft I of the feed gearbox. Disk i, on which friction 

U.lnsmi,s rolny„„ to hoo^ 

seen, Ml to 11, c rntclict tvhccl. From ee,r Sir r„,. ’ 

10 dislril.uting shaft // and thronof u-o gcLr^SSr ? f”' ''; 

members and gears 227’ 1- i ® ^he combined clutch 

gears mounted freely on four shafts of the gearbox and 
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rotating in different directions. Engagement of the clutch memhers, slid- 
ing on splines along these sliafts, with either one or the other of the two 
combined clutch members and gears on each shaft enables shaft rotation 
to he reversed. This reverses the feed of one tool head in one direction. 

Tlie four shafts are linked to the feed fcretv.« and feed rods in the crossrail 
through safety jaw clutches SCf. 

The upper and lower shafts are linked to feed screws (/ = G x 2 mm) of 
the crossrail and provide horizontal feed of the tool heads; the middle shafts 
are linked to tho feed rods which provide vertical feed of the tool head slides. 

Intermittent power feed of the tool heads takes place in the following 
manner. As the table reverses from tho return to the forward stroke, a 
command is transmitted to the feed gearbox motor iV.. notation of this 
motor is transmitted to any of the screws or rods of the crossrail, as de- 
scribed above, depending upon the positions of the feed engagement levers. 

Shaft rotation and, consequently, tho feed motion continue until the 
c.vpanding strip of tho friction clutch runs against a fixed slop and disen- 
gages tho clutch. Tliis stops the feed motion. Then a trip dog operates the 
table reversing limit switch at the beginning of the forward stroke and 
switches off tho feed drive motor. 

At tho moment of table reversal from tho forward to tho return stroke, 
the feed meclianism Is reset, or “cliargcd". An impulse from tho table revers- 
ing limit .switcii .<starls feed gearbo.x rotation in the oppo.'sile direction. 
The paT\l slips over the ratchet wheel teeth and tlie output gear remains 
stationary. At the end of t.ablo reversal, ^^hcn tho trip dog runs off 
the table limit switch, tho feed drive motor Is switched off. Now the feed 
mechanism is ready for n new feed motion. This cycle is repeated for c.ich 
full stroke (forward and return) of the t.iblc. 

Positioning traverse of the tool head.*' i.'' accomplished as follo\NS. When 
the positioning push hullnn on the pendent station is pressed, the feed 
drive motor il/jis suilchod on but only in the direction for working feed. At 
the same time, solenoid -i i.'s energized. This engages worm wheel 587* with 
r.-itclipt wheel GOT through jaw chilcli Cj. TJius. rotation i.'i transmitted from 
the motor thrmigli the worm gearing and output gear to tho distributing 
shaft II and further as for working feeds Tho friction clutch operates in the 
same way as previously described and stops rotating when tlie expanding 
strip run's against the fixed stop. Subsequently, the friction clutch slips and 
tho pawl of ratchet wheel GOT* .slide.s over the teeth. 

The rate of feed is set with handwheel 5. Its rotation is transmitted through 

the gearing 4^10 adjustable stop This alters the angle between the ad- 
justable and fixed stops, thereby setting the rate of feed. To prevent rotation 
when the mechanl.sm is “charged", the adjustable stop is fixed bj gear 157* 
and segment gear 7. 

I7« 
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In addition to the power travel of the tool heads, the feed gearbox also 
permits hand traverse in setting up the planer, obtained from a detachable 
crank handle and a dial for reading the length of travel. 

The feed gearbox of the side tool head is similar in construction to the one 
described but has only two output shafts: for horizontal travel of the tool 
head slide and for vertical travel of the whole tool head along the housing. 

In addition to planers with an electromechanical table drive, models are 
available with a hydraulic drive that also enables the forward and return 
stroke speeds of the table to be steplessly varied in wide ranges. 

The hydraulic circuit of a planer made by the Rockford Machine Tool Co. 
(USA) is shown in Fig. 183. 

This circuit is based upon variable-displacement speed control and closed 
oil circulation. This is accomplished by a variable-displacement pump P^-d 
with a maximum delivery of 450 or 650 litres per min and a design pressure 
of 75 kg per sq cm. The control system of the variable-displacement pump 
is supplied from pump Pj with a delivery of 42 litres per min and a working 
pressure of 6.8 kg per sq cm. Pump with a delivery of 42 litres per min 
and working pressure of 17 kg per sq cm, supplies the control system of all 
the valves in the circuit. Pump Pg has an independent motor drive and 
serves for replenishing the oil in the system and for producing a backpressure 
of 27 kg per sq cm. 

Two relief valves, set for a pressure of 117 kg per sq cm, are mounted 
in the circuit of pump to relieve instantaneous overloads due to table 
reversal, as are two check valves for filling the pump circuit. In addition, 
there is a three-way two-position valve Fj which operates in conjunction 
with the control system of pump P^d) automatically connecting make-up 
pump Pg with the suction side of pump P^d during the forward and 
return strokes of the table. Upon acceleration or deceleration of table travel, 
this same valve disconnects the make-up pump from the suction side of 
pump P,,d, thereby avoiding vibration in the hydraulic system. 

The planer table is reciprocated by two hydraulic cylinders, one of single- 
and the other of double-acting design. The effective area in the head end Cg 
of the doxible-acting cylinder is equal to the sum of the effective areas of the 
sii^le-acting cylinder Cj and the rod end Cg of the double-acting cylinder. 

The connection of two cylinders in various combinations to the discharge 
end of the variable-displacement pump provides for three ranges of infi- 
mtcly variable table speeds. These comprise the low range, in which oil is 
dohverod to cylinders C, and C^; medium range, in which only single- 
acting cylinder C, is connected to the pump; and the high range in which 
only rod end P. of the double-acting cylinder is receiving oil from the pump. 

llie speed is increased on the return stroke since oil is delivered simul- 
taneously to the head end of the double-acting cylinder both from the pump 
and the single-acting cylinder. 
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Fi(;. 183. II>(]rautIc circuit uf a planer made by the llockfunl Macliioo Tool Co. (US \) 
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Hiiriiiu U \(5 f(irwur<l stroke of Uto t,a])lo, wlioii op«rnijn({ iu U)0 )n\v rini^o 
of oil JH del) v(!r(!(l Uirouf^li control pniiol A to tlio rod ond of llio 

doiihlo fictiiiK cylinder and to tlio Hin/rlc-actiii/? cylindor. At tho oiul of tlio 
forward .stroki', valve K;. in Hliiftc-d l>y a cam do(( to tlio return .stroke position. 
Oil from valve 1A> is admitted to tlio hydraulic cylindor.s JIC for lifting tlio 
rutting toola ami .sliift.s the four-way valve of control paiud A to the rapid 
al.rokt'.s jmnition. At tlio .same time, the direction of oil delivery from jmmp 
i.s changed. Oil from ]mm]) l\,,i and from cylinder 6’) i.s delivered to 
cylind(>r C'.j and the tahle returns rajiidiy. 

In ojK'ration in the medium .sjieed range, Holenoid S(l\ of valve is ener- 
gized and the three-way valv(* of control jianel A is shifted to the medium 
position. At tliis oil J.s admitted only into hydraulic cylinder C'u while liotli 
ends of the duuhle acting e.ylimler an* connected together and to tlie suction 
end of jmmp 

When .solenoid .Vf/, is do-enm'gized and solenoid Sdn is onergi'/ed, oil under 
pressiti'i' is admitted to the large end of the four-way valve spool in panel A. 
Tliis shifls the .spool and li,\(>,s it in the liigli .sjioed.s ])osition, regardless of the 
posilion of valve V;,. In thi.s ca.so, the forward .stroke.s of tlie table will opor- 
;ite in tin* liigh speed range, 

if .soieintid <S'd., is de-energizod, tool feed will occur at the moment of talilo 
r(>v(*rsal from the n'turn to tlio forward .strokes. I'kied will take place at the 
other end of the .stroke if .solenoid <SV/;, i.s energized. 

'I’lie feed mechaiii.sm can he di.sengaged hy mean.s of solenoid Sdi, when 
the planer is being set up, 

Solenoid .S'd., is interloiikod with the cro.ssrail elevating motor. 


9-2. AttaclimcntG Extending the Processing 
Cnpacitles of Planers 


1. (.onve.x cylindrical .snriace.s of circular proiile can he planed liy a simple 
device consisting of radial lie-rod .V linked hy pivot jiins 2 to hradcel ./ and 
to the tool head slide (l''ig. IB-'i), '.riio vertical feed screw of tlio tool head i.s 
disengaged from the .slide. In ojieration with this setu]), the tool head saddle 
travels along the cro.s.srail as nsmil. At the .same time, the slide has a vortical 
motion due to the action of t,i(!-ro(l .7, and the tool planes a cvlindrical sur- 
face. 

d. It is impussihle to cut helical groove.s with a very large lead in ordinary 
miilinj' maclijnes, .Such groove.s can ho made in a phumv, using the attacliinenl 
shown in Fig, 185«, 


I jiis device coiisisl.s of cenirn stock.s / mounted on the tnlile; rod 8, weight- 
ed on mu* end and clamped on work 8 with its other end; and inclined bar <f. 
iu* upper end of the bar is secured to a housing and the lower end to the bed. 
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Fig. 18t. Device for planing curved 8urf.ices: 
l-~brackei. r— pivot pins: a— tie>re>d 

The lead of tlio groove being cut depends upon llie inclination of this bar. 
Tlie tool Is selected to suit the profile of tlio groove. During the .•stroke of the 
table, rod 3, first resting on the lower part of bar 4, is gMiUiallj' lifted, sliding 
along the bar, and turns the work clockwise through the required angle. 

The blank can be rotated by other methods ns well. Figure 185b shows an 
attachment in which pinion 1 and rack 2 are employed for this purpose. One 
end of the rack is linked through n roller with inclined bar 3. Upon table 
travel, the rack moves crosswise and turns work 4 througli an angle deter- 
mined by the inclination of tlic bar. 

3. Ruled surfaces of irregular profile can bo planed with great accuracy 
using the simple Iraccr-conlrollcd slide shown in Fig. 180. 

The vertical feed .«crcw of the tool head is replaced by a hydraulic cylinder 
w’ilh a piston. The cylinder is secured to slide I of the tool head and tlie 
piston rod to saddle 2 of the tool head. Bracket 3, mounted on the saddle, 
carries the hydraulic tracer stylus. The template or pattern 4 is fastened on 
the crossrail by means of brackets 5. 

The operation of the tracer-controlled slide of n planer differs from that of 
the hydraulic circuit of a tracer-controlled milling machine (see Sec. S-'i) by 
Its intermittent nature. In the planer, the tracer-controlled slide operates 
only at the moment of transverse feed of the tool During the cutting stroke 
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Fig. 185. Cutting helical grooves with a large lead in a planer 

of the table, the tool head slide is rigidly secured to the saddle hy hydraulic 
clamp 6, controlled by the tool head clamping cylinder. 

At the moment of table reversal from the return to the cutting stroke, 
a limit switch starts the cross feed motor (see Sec. 9-1). At the same time, 
solenoid Sdi of the two-position four-way valve Vi is energized. This valve 
admits oil from the accumulator Acc and pump P to the rod end of clamping 
cylinder^. This unclamps the tool head slide. Cross feed of the tool head saddle 
occurs simultaneously. The tracer stylus moves along the template and sets 
the tool at the required height. At the beginning of the cutting stroke, just 
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Fig. ISC. Hydraulic Iraccr-controllcd slide of a planer 


before the tool starts the cut. solenoid Sd, is de-cnorgized by moans of limit 
switclies mounted on the bed. As n result, oil from the .accumulator and 
pump is admitted to the head end of the clamping cylinder. This clamps the 
slide and cutting begins. Duo to the short period of actual operation of the 
hydraulic tracer slide and the fact that the cutting force is not carried by 
elements of the hydraulic system, as well os tlio provision of an accumulator 
and automatic unloading of the pump station, the power rating of the pump 
motor is only a fraction of that required for the tracer-controlled slide of 
an engine lathe. The accumulator is replenished with oil during the cutting 
and return strokes of the table, this operation being controlled by valve 1’. 
and another valve T which connect pump P to the tank when the accumu- 
lator is replenished. 

The oil grooves on the wajs of tnaclitne tools are usually chipped by 
band with a cape chisel. This operation can bo more efficiently performed 
in a planer equipped with a cutting head in place of the ordinary tool liead. 
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R in normal plane 

(i) 



Fig. 187. Cutting oil grooves on the vays of machine tools: 
(a) proovc cuttins .nitaclimcnt; (!>) cut grooves 




^3. VAHIOUS types OF PLANEnS 


2G7 


This altacliment consists of motor 1 (Fig. 187), uorm reducing gear 2 and 
spindle 3 witli toolholdor 4. Tool 5 is clamped in the toolholder on an arm 
of a length equal to the radius of the grooves to he cut. When the motor 
is switched on the tool travels in a circle. As each circular groove is being 
cut, the table is stationary; it is advanced hy an amount equal to the pitch 
of the grooves to cut the next groove. Grooves can be cut by this method on 
the faces of V-ways by swivelling the head to the required angle. 


9-3. Various Typos of Planers 

In addition to the usual tool lieads, planers may be equipped with grind- 
ing and milling heads. 

Planers with grinding heads (Fig. 188) enable the work to be planed and 
ground in one sotting so that Gnished surfaces of high accuracy and a fine 
surface finish arc obtained in a single machine. Those planers differ from 
those described previously only in that they have a grinding head I, addi- 
tional protection 2 of the bod ways against abrasive dust and fine metal 
chips, and special shields 3 which protect the operator against splashing 
coolant during grinding operations. 

The grinding head is mounted on an additional, usually the third, saddle 
on the crossrail, or it may be detachable and installed in place of the swivel 
slide (harp) of one of the standard tool heads. The wheel drive motor is built 
into the grinding head. 

Planers with milling or milling and boring heads arc intended for planing, 
milling and boring largo workpieces. Milling heads may bo mounted either 
on the cros.«iraiI or on tlie housings. Heads installed on the crossrail usually 
have cross feed (food across the table); side milling beads can be positioned 
vertically along the housing. 

Pit planers (Fig. 189) are used for planing the upper horizontal and inclined 
surfaces of high workpieces (for example, housings of rolling mill stands). 
The workpiece i.s set up on a plate arranged in a pit. The frame of the planer, 
comprising the crossrail and its carriages and carrying the tool heads, trav- 
els along be(l.<5 at the sides of the pit. Thi.s constitutes the reciprocating 
primary cutting motion. The crossrail of such planers may have a travel 
up to 12 m on some models. 

In the plate, or edge, planers (Fig 190) ns in the pit planers, the cutting 
and feed motions arc accomplished by a carriage travelling together with 
the tools along the plate being machined which is held rigidly to the sta- 
tionary machine platen (table). Plate planers are intended for machining the 
cdge.s of separate plates or stacks of plates up to 200 mm thick and up to 
1,500 mm wide, or other work of the same overall size. The maximum planing 
lengtii of tliis type of planer is 12 m. 
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9>4. Shapers 

Simpers are used for macliuunc horizontal, vertical and inclined flat sur- 
faces on small and medium-sired workpieces, for cutting straight slots and 
grooves, and much less frequently, for machining ruled surfaces of irregular 
profile. 

In operating a shaper, the work is clamped on the overhanging table while 
the tool is clamped in the toolholder of the ram w'hich lias a horizontal 
reciprocating motion, as a rule, across the work. Cither power or hand cross 
or vertical feeds can be transmitted to the table which trn\els cros.swise 
along a rail and vertically with the rail alung ways of the column. 

The maximum stroke of the ram is the dimension which specifies the 
size of a shaper. Ram strokes may range from 200 to 2, 400 mm in various 
models (see Table 20). Shapers with the longer ram strokes, from l.fiOO mm 
and up, do not have a moving table They are designed for roughing anil 
finishing large, heavy work such ns press frames and similar work handled 
in the heavy engineering industries The work i.s clamped on a stationary 
foundation plate. The feed motion is obtained in a horizontal plane by travel 
of the column, and in a vertical plane by tra\el of the ram lioad along the 
column which can bo swivelled through an angle of i45® (model 7.\I3SG) 
or ±230’ (model Ky-74). 
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Fig 191 Shaper, mcxlcl 7.\I37 


In models I{y-39 and KV-SOA vortical food is nccomplisliod only by 
means of tlie tool bead slide. A coiiunoii typo of shaper is ."hown in 
Fig. 191. 

Horizontal ways, or giiiilcs. are pro\idod on the top of ca.<t column S 
along which ram G with the tool head travels. The tool head consists of «wi\ol 
head 5, tool slide J traversed vertically by a screw, clapper box 3 and tool 
block witli tool post 2. 

Rail 9 can be adjusted vertic.illy along the front ways of the column. 
Table 1 v\lth it.s saddle i.s fed liunzontally along the rail by the food 
mechanism. A tabic support secures the table to the base to provide rigidity 
in operation. 

In setting up the work the rail can bo adju.«ted vertically to suit tlio height 
of the work. Ram reciprocation is powered by drive motor 7 cither through 
a speed gearbox and slotted rocker arm crank mechanism or through a hyd- 
raulic drive. 
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Fig. tOI. Shaper, mwici 7.M37 


In jtiodcls I\y-39 and KV-SOA ^crlical feed is accomplished only hy 
moans of the tool head slide. A coininoii type of shaper is .•'hown in 
Fitr. 191. 

Horizontal ways, or guides, arc pro\jded on the top of cast column S 
along which ram 0 with tlie tool head trn\cls. The tool heail con«ist‘’ of swivel 
head 5, tool slide 4 traversed \crtically hj a screw, clapper ho'c 3 and tool 
hfocfc with tool post 2. 

Rail 9 can he adjusted vertically along the front wavs of the column. 
Table 1 with its saddle is fed liunzontnlly along the rail hy the feed 
mechanism. A table support secures the table to the base to provide rigidity 
in operation. 

In setting up the work the rail can he adjusted vertically to suit the height 
of the work. Ram reciprocation js powered hy drive motor 7 eitlicr through 
a speed gearhov and slotted rocker arm crank mechanism or through a hyd- 
raulic drive. 
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Fjg. 191 Sbopcr, ino<{ct 7M37 


lu uioilels h‘y-3U anil KV-SOA vertical if accompUfJjDd only |)y 
means of tlie tool head slide A common typo of shaper is shown in 
FiR. 191. 

■ , 'd on the top of ca<l column S 

The tool Itead con''jst.«offwi\eI 
* ■, ' ... .\iiicaiiy hy a screw, clapper hox 3 and too{ 

) vh tool post 2. 

Hail 9 can be adjusted vertiroUy alouR the front ways of the column. 
Table i with its .eaddlo is fed horizontally along the rad by the feed 
mechanism, A table support secures the table to the base to provide rigidity 
in operation. 

In setting up the work the rad can he adjusted vertically to suit the height 
of the work. Itam reciprocation js powered hj drive motor 7 either through 
a speed gearbox and slotted rocker arm crank mechani.<«m or through a hyd- 
raulic drive. 
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Fif. IDI. Sbapcr, moJcl 7.M37 


In models KV-Sy and I\y'39A \crticnl foot! is accoinplislicd only by 
means of (he tool head slide. A common type of shaper is shoun in 
Fjr. 191. 

Horizontal or guiilcs. are provided on the top of cast column S 

along which ram 6 with the tool head tra\els. The tool head consist” of «wivel 
head 5, tool slide •/ tra%ersed vertically bj a screw, clapper ho\ 3 and tool 
block with tool post 2. 

Itail 9 can he adjusted vertically along the front wn>s of tlie column. 
Table 1 with its saddle is fed horizontally along the rail by the feed 
mechanism. A table .support secure.” the tabic to the base to provide rigidity 
in operation. 

In setting up the work the rail ran be adjusted vertically to suit the height 
of the work. Ham reciprocation is powered by drive motor 7 either through 
a speed goarbo.x and slotted rocker arm crank mechanism or through a hyd- 
raulic drive. 



L'uWncj strokh Return stroke 



i«i shawr 
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The Rearing diagram of the cranh-drive simper, model 7535, is shown in 
Fig. 192. Slotted rocker arm i is linked to crank disk (bull gear) 2 carrying 
the crankpin that can bo adjusted radially along the face of the disk to change 
the length of the stroke of ram 3. The crankpin fits into tlio sliding block. 
Upon rotation of the crank disk, the sliding block travels in the slot of rocker 
arm 2 which oscillates on pivot bearing O arranged below the crank disk. 
The upper end of the rocker arm is connected by link 4 to tlic ram through 
a screw XX and nut 5, In its oscillation, the rocker arm imparts the recipro- 
cating motion to the ram. This motion consists of the forward (cutting) 
stroke and the more rapid return stroke. 

The position of the stroke (or the shaping zone) can ho adjusted liy cliang- 
ing the position of nut 5 on screw .YA' (by rotating the screw). 

Though the crank disk rotates at uniform speed, the speed of the motion 
transmitted to the ram by the rocker arm will not be uniform. 

The velocity of the crankpin (Fig. 193) is 

= m por mm (21) 


where r «= radius of the crankpin, mm 

n ~ rotational speed of the crank disk, rpm. 

Tlic peripheral velocity of the sliding block (see ^ ole) is 

I': = 1*1 cos (« — J-) (22) 


where the reference point for the angle a of crankpin rotation is taken on the 
radius 0,d, and that for the angle y of rocker arm inclination is on the radius 
OOi. 

The peripheral velocity of the driving pin of the rocker arm at point A is 


After expressing Oa in terms of e and r and substituting (see A Oad), we can 
write 

( 23 ) 

From A Oad 

y =8 arc tan (2!) 

' ^T-rcosa ' ’ 

The speed of the ram can he determined with sufficient accuracy for 
practical purposes from A AUC'. 

tv = tVa cos j- (25) 

Substitutingcquations (23), (22) and (21) into equation (25), and expressing 
the value t through L (ram stroke), using the similar triangles A OOJ) and 


18-0<t9 
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Fig. 193. Ram velocity diagram of a crank shaper 


A OEF , wo obtain 


2.-inr{L cos2 y cos (a — vi 
“ Ui00(2/{-i-7;cosa) per min 


(20) 

slant clurinE^thc\°ut?'hifT^*^ since the angles a and y are not con- 

shown in rfg. 193 ^ ^ strokes, the ram speed will vary as 

nnd‘is of ‘■am travel in Iho cutting stroke is at a = y = 0 


,.c 2.~rn/iL 


TMH 2 /{-y Lf ^ pci* min 


( 27 ) 
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Tho maximum speed of ram travel in the return slroivo is at c = ISO® 
and j» = 0 and is 

r 2.-TnnL 

(28) 

The mean cuttinjT speed during; the full stroke (cutlinff and return 
strokes), in wliicij llio travel is 2L, is 

■" P" (20) 

notation is transmitted to shaft 17// of the crank disk (Fig. 102) through 
a speed gearbox providing eight slops of speed for n constant-speed drive 
motor. Rotation is transmitted from the motor through a V-hell drive and 
friction clutch to shaft II which carries two sliding double cluster gears 
controlled from a single lover. Various engagements of these gears provide 
shaft III with four speed steps. Integral with this .shaft is a long helical 
gear IST (module 4 mm) which tran.smlls rotation to the double cluster gear 
of the countorgearing, mounted freely on stationary axle IV. This cluster 
gear transmits rotation to (he corresponding gear rim of the crank mecha- 
nism, the larger gear of the conntergoaring remaining in me.sh with Iho 
long gear of .shaft III regardless of the position of the counlergcaring. Thus, 
tho crank disk obtains eiglit speeds of rotation. 

The feed motion is tran.«mittcd to the table from an eccentric cam mounted 
on tho crank disk shaft 17//. In its rotation, the rcecntrlc cam rotates gear 
30/ by moans of the roller of sector lever 6. Gear 30/ is linked to the drive 
member of pawl 7 which engages ratchet wheel 19/. This ratchet wheel i.s 
linked to shaft XIV tlirough a jaw clutch. Shaft XIV is linked through Iievel 
gearing to tho telescopic feed shaft AT which transmits the feed motion to the 
table during the return stroke of the ram. Sector lever 6 is returned by a 
spring. During this motion, pawl 7 slips over the ratchet teeth. 

The rate of feed is determined by the amplitude of o.'cillation of sector 
lever C. Thi.s can he liiniled by .cegment gear S and gear 27/ mounted on 
a rotary housing. 

Rapid table traverse is obtained from pear IG/ on shaft IX which meshes 
with pear *50/ freely mounted on shaft XIV. Rapid traverse Is engaged by 
shifting the jaw clutch, which is disengaged from ratchet wheel 19/ and 
engaged with gear 40/. 

A smoother stroke and more uniform epeod is obtained with a hydrauli- 
cally driven ram tlian with the crank drive described above .Moreover, 
ram speeds are infinitely variable and llie most expedient cutting speed can 
he selected for each job. The hydraulic circuit of the model 7.M.3G shaper i.s 
shown in Fig. 191. 

IS* 
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Fig. 194. Hydraulic circuit of the model 7M3G shaper 


This circuit is based on the principle of combined speed variation. This 

leads to a negligible power loss, from the throttling of the oil, over the whole 
range of speeds. 

two-volumo, low- and Ugli-pressurc pump P.-P-. 
ho spoctl-raiige vnlvo 1, and further through 

S id 'y'intlor S of tho shaper ram. 

to the ia, 'in ii'or fo, "’'""J ’’""'P ?!' ?'>'nWnation is connected 
Sneed' raniro I ia oh) of ram cylinder piston speeds are obtained, 

to I evihX , “du r "''i"'' “h’ ptimp P. is connected 

I o t l e iani For siood ' ' S'"" '"Sl'-volume pump />, being returned 

t s-u-s'S 

highest speed, employs the diffiSal roaUrefofTs?ng,::e;r;o7$^ 
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(«co Part Four), in ntldilion to t!io combined 
deJiseries of the two pumps, i.o., both 
pumps arc connected to both ends of the 
cylinder during the culling stroke. 

During the culling stroke of the ram, the 
working fluid is delivered from vahe 1 
through START-STOP valve 3 and pilot- 
operated valve 7 to the head end of ram 
cylinder 8. From the rod cn<l of this cylin- 
der, oil is returned through reversing val\e 
7 and further through pilot valve 5, 
backpressure valve 14 and valve 1 to the 
tank. 

Reversing is accomplished by cam dogs 
which shift valve 5 to the return stroke 
position. During the return stroke, oil from 
starling valve 3 passes through valve 7 into 
l!ie rod end of hydraulic cylinder 5. Oil from 
the head end drains to the tank through 
valves 7 and 5 and hackpressure valve 12^ bypassing valve /. 

Stoploss speed variation in each range Is accomplislied by the use of flow- 
control valve C connected in parallel with the head end of cylinder 8. The 
system is protected against oxerloads by relief valve 13. Valvo 10 of tho 
reversing system, controlled by tlic pressure in the rod end of the ram 
cylinder, opens at the moment of ram reversal from the cutting to the 
return stroke and reduces the pressure in the head end. This avoids an 
e.xccssivo rise of pressure in the rod end due to the combined action of the 
inertia forces of the ram and the pres'^urc In the head end. 

Tho feed motion i** obtained from hydraulic feed cylinder 0, automatically 
operated hy val\o 11. 

Rapid positioning traverse of the table in the Iiorironlal and xorlical 
directions is powercil from a separate motor mounted on the rail. Tho pressure 
in the hydraulic system is indicated by pressure gauge VG which is connected 
to the circuit hy valve 4. 

Vertical power feed of the tool slide of a shaper is ellectcd hy a ratchet 
mechanism mounted in the r.im and operated by a trip dog at the end of the 
return stroke of the ram. The vertical feed nieclianism of tlio tool slide on 
the model shaper is shown in Fig 19.1 At the en<l of tho return stroke 
of tho ram, roller 2 of lever 4 runs up on trip dog 1 secured liy screws on the 
column of the shaper. At llii*. shaft 3 turns together with lever 7 carrying 
p.iwl S of ratchet wlieel 9 which is thus turned The ratchet wheel is secured 
to and turns with a bo\el go.nr fr.in«mittingrot,ition to (ho feed screw of the 
tool slide. The pawl is reset hy the action of spring 10. The rate of feed i? 



Fig. 195. Tool slide xcriicol feed 
mechanism of the model 71335 
shaper 
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determined by the number of teeth on the ratchet wheel engaged by the 
pawl during each full stroke of the ram. This is varied by means of disk 11 
on which a flat is milled. The pawl engages the ratchet wheel when the tooth 
of strip d, rigidly fastened to the pawl, runs up on the flat of the disk. The 
rate of feed is set by turning disk 11 with lever 5 . This sets the number of 
teeth engaged by the pawl in its stroke. 



Fig. 196. Hydraulic tracer-controlled shaper, model rfl-21: 

I — column: 2— rail: 3— ram; 4 — tracer-controlled slide; 5— single-point tools: p— tracer stylus: 

7 — work; 8 — table; s — template 



&-5. ATTACHMENTS EXTENDINO THE PHOCESSINO CAPACITIES 


9*5. Attachments Extending the Processing 
Capacities of Shapers 

t. Grinding and milling can also be performed on a shaper if a milling 
or grinding head is mounted on the ram in place of the tool head. Such attach- 
ments can usually he swivelled through 3G0°, enabling surfaces arranged at 
various angles to bo ground or milled. 

2. Blanks for parts of complex shape can be machined on a shaper equipped 
A\ilU a hydraulic tracer-controlled device (models 7B35 and rji-21). The 
hydraulic tracer-controlled shaper, model rjt-21 (Fig. lOG). can machine 
Contoured surfaces in which the elements are inclined up to 25® in the trans- 
^•erse direction. Three-dimensional tracing is performed by a single-co- 
ordinate servomechanism with a four-edge tracer valve (sec Sec. 8-^i). The 
hydraulic traccr-controUod slide of the machine carries two single-point 
tools at an adjuslahlo distance from each other. This enables two workpieces 
to bo machined simultaneously to a single template. The hydraulic tracer- 
controlled slide can be replaced by an ordinary tool bead, in w'hicli case 
the shaper can operate as a universal shaper with a hydraulic drive as de- 
scribed in the preceding section. 

3. The ram of a shaper develops le«s pulling force on the return stroke 
than on the forward cutting stroke. This force, however, is sufficient to 
perform semifinish and finish shaping operations. If chips are removed not 
only on the cutting stroke, but on the return stroke as well, the output of 
the shaper can he increased by from 30 to '50 per cent. 

Figure 197 illustrates the operation of a double-cut tool head which can 
be in-stalled in place of (he ordinaryonc. The tool bead consists of oscilbiting 
toolholder / in which tools 2 and S for the forward and return strokes 
are clamped. During the forward stroke, the toolholder is held hy the action 



Fig. 197. Operation of a doublixul tool Lead 
(a) fenrtrd itrckf. O) Tewni lUtke 
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9-5. Attachments Extending the Processing 
Capacities of Shapers 

1. Grinding and milling can also bo performed on a shaper if a milling 
or grinding head is mounted on the ram in place of the tool head. Such attach- 
ments can usually be swivelled through SGfT, enabling surfaces arranged at 
various angles to be ground or milled. 

2. Blanks for parts of complex shape can be machined on a shaper equipped 
with a hydraulic tracer-controlled device (models 7B3j and r/1-21). The 
hydraulic tracer-controlled shaper, model rjt-2I (Fig. 19G), can machine 
contoured surfaces in ^^hich the elements are Inclined up to 25® in the trans- 
verse direction. Three-dimensional tracing is performed by a single-co- 
ordinate servomechanism with a four-edge ir.acor valve (see Sec. S-t). The 
hydraulic tracer-controlled slide of the machine carries two single-point 
tools at an adjustable distance from each other. This enables two workpieces 
to bo machined simultaneously to a single template. The hydraulic tracer- 
controlled slide can bo replaced by an ordinary tool head, in which case 
tho shaper can operate as a universal shaper with a hydraulic drive a.s de- 
scribed in tho preceding section. 

3. Tho ram of a shaper develops le«s pulling force on the return stroke 
than on the forward cutting stroke. This force, ho\\c\cr, is sufficient to 
perform semifinish and finish shaping operations. If chips ore removed not 
only on tho cutting stroke, but on llio return stroke ns \\cll, tho output of 
the shaper can bo increased by from 30 to 40 per cent. 

Figure 197 illustrates the operation of a doublc-cut tool bead ^^h^ch can 
be installed in place of the ordinary one. The tool head consists of oscillating 
toolholder 1 in which tools 2 and 3 for the forward and return strokes 
are clamped. During the forward stroke, the toolholder is held by the action 



Fig. 197. Operation of a doublc-cut tool bead: 
(a) forrarf itroke; G) trturn aircke 
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of spring 5 to supporting surface 
A on body 4 of tlio tool head. 
During tho return stroke, the 
loolholdcr is hold to supporting 
surface B of tho body. Tho toolhold- 
cr is switched over at tho end of 
each stroke by means of trip dogs 
and tie-rods. During tho return 
stroke of the ram tho horizontal 
component of tho cutting force is 
directed toward the column. Since 
it is hold by the cutting force 
against tbo bearing surfaces of tho 
column ways, tho table is subject to 
loss deflection. This has a favour- 
able effect on tbo accuracy with 
which operations arc performed. 

4. The thread of screws from 3 
to 6 mm in diameter can bo rolled 
by flat dies in a shaper using 
a special attachment (Fig. 198) 
mounted on tho shaper table; 
Slide 2y linked to toolholder 3y 
reciprocates in body i of the attach- 
ment. Flat die 7 is fastened to 
reciprocating slide. The other flat die G is secured in die holder 5 of 
the allachmont. riiis die lias crosswise adjustment. Tho bolt or screw 
luanivs are loaded into feeding mechanism (or magazine) 4 by band or by 
inoan.s of a mechanical loader. One blank is fed out on each full .‘Stroke 
ot he slide. .Uter being started, the blank is rolled by moving die 7 along 
t-tivl loiiary die 6 so that the thread is formed. 

.T Shapers can also be employed for broaching operations. The broach 

on the shaper table. 

fi-oiiVi' ii.vture which is secured on the- 

iionl laie of the ram in place of the tool slide. 



9-6. Slottors 

sm-racos, 

Cl '''' various types. 

plane I'cci prorating in a horizontal 

plant in that their tools reciprocate in a vertical plane which is square to 



»-«. SLOTTEnS 


231 


the workiiip surface of the lahlo or setting-up plate. Since the type of motion 
of slotters is the same as in shapers, the former are frequently called \orticnl 
shapers. 

The feed motion in a slollcr is inlermittent (periodical), and is cUcclctl 
by longitudinal, cross or rotary feed of the table. The main dimensions 
of n sJoltcr are Iho ma.vimum slroko of the rnni and the tahlo diameter. 
The latter determines the maximum size of work accommodated by the gi\cn 
shaper. Soviet machine tool plants produce slotters \\ilh a maximum ram 
stroke ranging from 100 to 1, GOO mm and table diameter from 2-10 to l.COO mm 
(Table 27). 

The ram of an up-to-date slotter is reciprocated by either a mechanical 
or hydraulic drive. 

The gearing diagram of the crank-drive slotter, model 7A'5l2, is .•shown 
in Fig. 199b. 

The model 7A412 slotter differs from the previously con«!idcrcd crank 
shaper in that its ram is driven through a rotating arm. This means that 
its axis of rotation is arranged helvvecn the axis of the crank disk and the 
ram (Fig. 200). 

Tho instantaneous velocity of the ram is expressed by an ecjunlion similar 
to equation (2G). Thus 


2."tn/lL cos- c<K (g — }•) 
I,UW (.i/r-rAcos a) 


m per min 


(30) 


The maximum speeds of the rarn on the cutting arul return strokes are 
delorminod hy equations (27), (28) and (29). 

Tho four-speed induction motor of tho sfottor (K/g. i99b), rated 
at O.S'i.O/l.-'j, 1.5 kW at the four speeds 700 900 1, 350 2.800 rpm, drives 
shaft / through a belt transmission and a friction clutch. Gear l97', mounted 
on shaft /, meshes with the bull gear lOOT. The friction clutch is interlocked 
through a lie-rod with brake Zf. The plunger-lypo lubricating pump is driven 
by eccentric cam J 

III the guides of bull gc.ir lOOT is the crankpin with bull gear block 2. 
Hotating together with the crankpin and hull gear, the sliding block travels 
in the slot of the rocker arm enccling its oscillation about pivot pin 0. The 
motion of the rocker arm is transmitted by link 4 to tho ram which is an 
aluminium alloy Casting The tool head mounted at the lower end oI the ram 
ran be swivelled 90° in citlicr direchon. The position of tho ram stroke (or 
slotting zone) can ho adjusted by turning screw A’A. 

In addition to vertical «!urfaccs, the slotter can also machine surfaces 
inclined at an angle of up to r»° from the xerlical This is done by tilling tho 
ram about pivot pm 0^ using eetliiig and clamping screws o 

The length of the ram stroke -el b> rotating scre\\XVU which 
is driven from shaft XVI. on vxhose -quare -hank a cranJ''''^Alp i-s pul. 




J‘|R. llin. Slot lor, inodol 7A-V20 („). nnd llio 







Maximiitn stroke of ram, mm 100 200 320 500 1,000 1,000 
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200. Ram \ol<>cit>' diagram of n slottrr 

tliroufjli bcvd {roars IST. Rotation of scrow A't7/ moves tJio crank- 
pin alonff the puidcs of tho bull gear and thus changes the length of the 
ram stroke. 

Tho feed motion is transmitted from the hull gear through spur gear 507, 
two pairs of bo%el gears and the telescopic shaft to shaft IV on which ton 
dlfTeronl eccentric cams are keyed, thereby enabling ten dlflerent feeds to be 
obtained. 

The roller of lever G is shifted in line with the required cam from which 
it receives an oscillating motion. This motion is tranemltlcd to segment 
gear 087. Tlirmigh gear 3'»7, the segment gear tr.in^mlls reciprocating motion 
to a lever carrying pawl 7 of ratchet wheel 487. From this ratchet wheel, 
motion is transmitted through the hovel gear reversing unit to spur gear 407 
and further, through safety clutch SC to shaft TV// Motion is transmitted 
from this shaft through the spiral gears 207 to shaft IX which drives the 
cross and rotarj feed motions of the table. Tho table obtains longitudinal 
fectl from screw AT which is dri\en from another pair of spir.al gears 207 
at the other end of .«liall TV//. 

Cross feed is effected by screw' AVT^ and rotary feed, by means of worm 
ge.aring driven throiigli shafts XI. XII and XIII. 

Slollcrs with a hydraxilic drive are widely used. The ludraulic circuit 
of such a slotter is shown in Fig. 201. 

Tlio variahle-displaccmcnt piston pump delivers the working nui«! 
to distributing panel / with START-STOP vaRe P, and reversing val\e P. 
operated by pilot valve Pj. Vnl\e T'j is reversed at the extreme positions of 
tlie ram l)y tiie trip dogs of master switch which is linked by a mechanical 
Irnnsinission to the ram. During the cutting stroke, pump P,j draws the 
working fliiiil from tlie tank tlirough checTc vahe 2 and delivers it Into the 
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posilioii. At the s’lnip limn ' .i.- “rf”? Jig H to the roturn stroke 

of j.islon J, tiuis shifting the siicle-hlockliiuslnrto "the^Hg^^^^^^ tSp"!? 
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which dclcrmincs the pump eccentricity and consequently the speed of the 
return stroke. Tlie working fluid is doii\cred to the rod end of tlie cylinder 
through valve and check valve 7, while tlie working fluid from the 
upper end of the cylinder is directed hy reversing valve V- to the suction 
end of pump Pf^. Since the volume of w'orking fluid draining from the upper 
end of the cylinder Is greater than that delivered to the rod end, surplus 
fluid is drained to the tank through backpressure val\c 8. 

Throttle vahe 7- ser\es to bleed the air from the upper end of the hydrau- 
lic cylinder. Table feed is provided for by vane pump Pj and relief val\e 9. 
Tiie pump lielivers working fluid to the feed cylinder IlC through valve T* 
controlled hy pilot valve Tj. 


9-7. Attachments Extending the Processing 
Capacities of Slottcrs 

1. The teeth of clutches and gears can lie cut hy tlie generating method 
in an ordinary slottor equipped with a special gear-shaping attachment. 
This attachment (Fig. 202a) is secured to the lower part of tlie ram housing 
(Fig. 2026). 

The gear-shaping attachment operates as follows. Housing 1 of a worm 
reducing gear and bracket 3 with rotating shaft 5 are fastened on plate 
Sprocket </, kejed on one end of shaft 5, is connected by roller chain with 
a sprocket mounted on the table feed drive shaft. 

Mounted on the other end of shaft 5 is change gear C, linked through the 
other change gears of the quadrant with a worm (not shown in Fig. 202) 
and worm wheel 9. The worm wheel Is keyed on a hronre slee\c S ha\ing 
a spline hole in which the splines of cutter spindle 7 slide. The upper end of 
the cutter spindle is fastened to the slotter ram in such a manner that the 
spindle is free to rotate about its axis. 

During operation, the cutter spindle Is reciprocated hy the slotter ram and 
Is rotated hy the foeddrixe shaft of the table through tlie chain drive, quad- 
rant change* gears and worm gearing. The slotter table on whicli the gear blank 
is clamped rotates in co-ordination willi the culler spindle. If the attachment 
is properly set up, the gear-shaping cutter and the gear blank will rotate 
together ns if they were in mesh. 

The gear-shaping attachment can be used for external and internal spur 
gears. If the straight splines guiding the cutter spindle arc replaced by helical 
guiilo«. «nch an attachment can he employed for cutting helical gears. 

2. Slotters' can he u«od as presses in some cases (for example, for bending 
operations), ns well as for broaching holes. Such operations can be performed 
after equipping the slotter with suitable attachments or fixtures. 
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Fii:. 1102, Cutting ititonial ami oxtornal i^pur sjoai'A in a slnttor: 

(lA aunoliinom; J— l\cmsin!:; r— nlato; >*— I'mckct: ,f — sprocket; — st\att; 6 — chance p'nr, 

r— cutter si'iniile; ,>!— sleeve; worm wheel; (M slotter eittiii'ped with a inwr-shapiuc attachment: 
I~attachment: ceac-sh.ai'inc cutter; .t— driviac sprvVkets 

9-8. Holding the Too! and the Work in Planers, 

Shapers and Slotters 

The work is lioUl ot\ lUo t;\Mos of pitvnors. shapers anti sloltors either by 
standanl accessories or by special tlxtiires. The use of the latter can be justified 
only if a lar^e mttnher of idenlical parts are to he machined. Workpieces can 
ho t]uickly located, or aligned, and reliably olampod on the machine table 
in a properly designed special fixture. Snch'ftxlnros tire usually intended foi 




‘ / //// //y ///////////// ^ '// ////j'/z ^ yr' ^ /y 


(b) 


clampins ono or sp\cral workpirccs dcpcndinjj upon tlioir size, sfiape and 
other feature'*. 

In most cases, lilank.s are held in planers, shapers and slottors by standard 
accessories ^\hich include vises and chucks; stop pins, blocks and strips; 
ancle plates; claiiipinR shoes; strap clamps; support blocks, jacks and 
V-blocks; C-claiiips and pillar bolls; T-slol bolls and stud« 

Small workpieces are frequently clamped insliapers and slot tors by machine 
vises (plain, swivel or universal type) Hound work is usually held in slolters 
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I'lg. 203, Work clamping accessories; 


• hi. II Jiiock; 5 — C-clnmp; 


(c) plllnr 1)0U; 
d (It) clnmvlni; 
p; D — V-Jil ock 


--.od 10 t,,o sloller table with 

'ip i)lank.s of tiio housing type which usii-mv l . *^0 set 

locating .surface. Wedge-type jacks (Fig 203?> •' rough (uninacliined) 

"b -orb,,.,. os for llaisbing 



CHAPTER 10 

BROACHING MACHINES 


Broaching machines are designed for machining external and internal 
surfaces of various contours in mass and large-lot production. These machines 
are distinguished for their exceptionally high output. They produce surfaces 
that are highly accurate in shape and size. 

Machines employed for internal broaching can make holes of any shape 
and of a length three or more times the transverse dimension (Fig. 204). 

Machines used for external broaching can efficiently produce not only 
flat surfaces, hut other ruled surfaces, including those of complex contours. 
Examples include the external surfaces of main bearings of engine cylinder 
blocks, main hearing caps, connecting rods and many other similar parts. 

The attainable and economically feasible accuracy and surface finish 
obtained in broaching are listed in Table 28. 


TABLE 28 



GmcIc of 

.occurocy 


nro.ncliiiiK 

limits 

mean economically 
feasible 

Surface finish class 

OnliiKiry 

2-3 

2a 

5-7 

Iligli-fiiiish 

1-2 

2 

8-10 


dho application of broacliing machines is not limited to large-lot and mass 
production. Certain models of broaching machines are suitable for small- 
ol and even piece production conditions. One of these is the machine for 
broaching koyways in the liolos of parts of various shapes and sizes. With 
only ?<-‘yon sets of interchangeable parts, these machines can broach key ways 
from .3 to 12.) mm wide in holes from 12 to 600 mm in diameter 

n comparison with other types of machine tools, broaching machines are 
notable fcir llioir simple construction and operation. This is due to the fact 
that the shape of the surface produced in broaching depends upon the shape 
and arrangement of the cutting edges on the broach. 
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Fig. 2W. Typical intcroally broached shapes 


The primary cutting motion in broaching is a straight-line motion of 
either the broach (Fig. 205), having cutting edges of a shape corresponding 
to the contour of the required surface, or of the work ^\hilo the tool is held 
stationary. Broaching machines have no feed mechanisms since the feed 
feature is provided for by the gradual increase in height of the broach teeth 
(each tooth from the roughing to the finishing end is slightly larger than 
the preceding tooth). 

Broaching machines are classiCcd into the principal types as follows: 

(a) according to their application— as general-purpose and special machines; 

(b) according to their purpose— as internal and surface broaching machines; 

(c) according to the direction and nature of the primary cutting motion— as 
horizontal, vertical and continuous broaching machines; and (d) according 
to the number of main slides or stations — as single-, double- or multiple- 
slide machines, and also as single- (ordinarj*) and multiple-station (indc.xing 
table) machines. 
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Fi?. 205. Internal broach 


The principal dimensions specifying the capacity of a broaching machine 
are the maximum pulling force developed by the slide and its length of stroke. 
The broaching speed in up-to-date general-purpose machines ranges up to 14 
or 15 m per min. Special machines for broaching cylinder blocks, their 
bearing caps, etc., have much higher speeds that may reach 60 or even 90 m 
per min. The broaching speed of continuous broaching machines ranges from 
1.5 to 15 m per min (Table 29). 

Most broaching machines have a hydraulic drive. At present, however, 
use is being made of an electromechanical drive from d-c motors for high- 
speed broaching machines. 


10-1. Internal Broaching Machines 

Both horironta! and vertical machines are available for internal broaching 
operations (sec Table 29). 

Figure 20G illustrates a horizontal broaching machine, model 7B510. 
It comprises the following principal units: bed 4, main slide i, attached bed 
€, supporting carriage 3, follower rest 5, hydraulic drive, main hydraulic 
cylinder, auxiliary hydraulic cylinder, tank and coolant system 2. 

After the pumping unit (Fig. 207) is switched on, oil is delivered by 
gear pump Pi to the chamber of the pressure cylinder PC and, at the same 
time, through pilot valve V, and the zero-output, or zero-eccentricity, 
chamber 4 to the starting valve F-. Since the area of piston Prii is larger 
tlian that of piston Z’ ” ' ” ’ ’’ ' '' ’’ ‘ 

on the rod of piston ' ■ 1 

dcr. This correspond. ' . . ' ^ " 

ing valve F 3 is in the STOP position, connecting the delivery and suction 
pipelines, it eliminates small errors in the neutral position setting of the 
slide-block. 

^^^lcn solenoid of pilot valve F, is energized, oil is delivered from 
pump P, additionally to piston Pn^ and to the right end of starting valve F 3 . 
As a result, the slide-block is shifted to the left to stop 2 which corresponds 




Fig. 206. Horizontal broaching machine, model 7B510 


Cutting Return 

stroKB ^ strone 



Fig. 207. IlyJraolic circuit oi the model 7B510 l.orizonlal broacUiog machine 
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to the eccentricity for the cutting stroke. At the same time, a spring shifts 
the spool of starting valve to iho START position and oil is delivered 
from the variable-delivery pump along pipeline a to the rod end of the 
main cylinder. 

Solenoid of pilot valve T'l is energized at the end of the cutting 
stroke. This connects the \\orking chambers of pistons Pn^ and Pns with 
the tank. Under the action of pressure piston Pn^, slide-block 5 is shifted 
to the right until stop 3 runs up against the housing. This corresponds to 
the pump eccentricity for the return stroke. Now oil from pump P^d is deliv- 
ered through pipeline h and differential valve DV to the head end of tho 
main cylinder. Oil from the rod end is also admitted to the head end. This 
provides for tho rapid return stroke. 

The operation of the hydraulic broach-handling drive (for advancing 
and withdrawing the broach) is co-ordinated with (he operation of the main 
cylinder, and is quite clear from llie circuit diagram. In the neutral position 
of valve (4r73-34), oil from pump P {BFll-fS) drains to the tank through 
valve G (F-M). The speed with which the broach is advanced is regulated 
by flow-control valve T. 

In tho vertical type of internal broaching machine, the broach travels 
down\Nard through the work and is gripped by the broach puller in tho 
lower part of the main slide (Fig. 208). In addition to the main slide, the 
machine has a broach-handling slide designed for advancing and withd^a^^ing 
tho broach, and for holding it vertically above the work by means of an 
automatic broach lifter. 

After threading the broach through the starting hole in the workpiece 
and inserting its pull end into the puller head, the broach-handling slide 
stops travelling downward. Underneath, the broach is automatically gripped 
by the puller head, and is pulled through the workpiece when the stroke 
of the main slide is engaged. The broached workpiece is then removed from 
the platen. In the return stroke, when tho main slide reaches its upper 
position, the puller head automatically releases tho broach. At the same time, 
the broach lifter of the broach-handling slide automatically grips tlio retriev- 
er on the broach and lifts the broach above the platen to a height permitting 
a new workpiece to be loaded. The platen of internal broaching machines 
is more frequently of the stationary type, and the workpiece is not usually 
clamped, though work-clamping fi.xlures can be employed whenever neces- 
sary. 

The broach-handling and main slides arc actuated by separate hydraulic 
cylinders (Fig. 209). Tho hydraulic drive operates on the same principle 
as the one considered above (see Fig. 207). A distinctive feature, however, 
is the provision of tho retarding cylinder RC for the cutting stroke. It sets 
the eccentricity of the variable-delivery pump P^d corresponding to 
slow’ cutting stroke speed. The main slide travels at this slower «pefd at tiff 



208 


BROACHING MACHINES 



'-'""I"'"' '"oilel UK: 




—platen; 




Brooch-handling slide 



>. Ilyilraulic circuit uf n vertical internal broaching innclitno 
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] 2 3 beginning of tbe stroke and at 

the end when the finishing teeth 
enter the work. When solenoid 
is energized, oil from pump/>i 
pv is admitted to the retarding 

j cylinder RC. Since the effective 

L area of piston Pn^ is greater than 

I that of piston slide-block 1 

of the variable-delivery pump 
is shifted to the right until the 
travel of piston P7ii is limited 
‘ by wedge-type adjustable stop 2. 

vv Solenoid Sd^ is energized by 

limit switch L<Si controlled from 

the corresponding trip dogs on 
< ; ;; ^ the slide. 

S : 'A y circuit also includes two 

I _ ^ pilot-operated valves Fj and V 2 

, ; .^1 x']) which connect the ends of the 

I main cylinder with the variable- 

t delivery pump only during the 

cutting stroke. The surplus oil 
from the rod end of the cylinder 
drains to the tank during the 
» cutting stroke through the pilot- 

operated backpressure valve 3 
cHs which maintains a backpressure 

r~~^ of do to 64 kg per sq cm in the 

I ' ' ? a rod end of the cylinder. Differ- 

1 . : \ ential valve DY ^ connecting 

i -1 y'/ ) both ends of the main cylinder 

_ _ Ijj with channel h of the variable- 

delivery pump during the return 
' stroke, unlike the circuit in 

Fig. 210. PuIltT heads operated by valve F 3 . 

The spool of valve F 3 is shifted 
to the return stroke position by 
at tlio end of iho eiiH irifT el.. 1 • .1 solenoid Sd^ which is energized 

Tlu.?e s" o,°„ic I ?re oir^i.n? r''" “f Pi'ot ''alvo F.. 

slide is <irivo;: fr<;Ip;"rp®pf teoaci, -handling 

lvvo-‘ ami' ‘‘,'■,“ 7 ’’'' -single-stalion, as well as 
nnm.pic slai.on models. Multiple-station machines commonly 


L rps ^ 


{b) 

Fig. 210. Puller liead.s 
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Jiave a rotary indexing table. The broached workpieces arc unloaded from 
the fixtures mounted on the tabic and the now work is loaded while broaching 
takes place at an adjacent station, or during the return stroke of the slides. 

Broaches are linked to the main slide by means of a puller head. Figure 
210fl illustrates an automatic puller head for gripping the pull end of broaches. 
The broach pull end is clamped by jaws 2 which are forced by sleeve 1 into 
the closed position. The sleeve is held by the action of spring 5. At the end 
of the return stroke of the main slide, sleeve 1 runs up against the back 
of the faceplate or a specially provided fixed stop mounted on the faceplate. 
This slides the sleeve backward to the release or open position in which 
the broach can be freely removed or inserted. 

Another popular type of automatic puller head is shown in Fig. 210h. 
Pawls 4 are pivoted on pins 3 in slots 2 of body 9. The pawls arc linked 
through hinged lie-rods 7 with brackets 5. In the extreme upper position, 
the tapered surface in the platen forces back sleeve G, compressing spring 8, 
so that tie-rods 7 spread apart the ends of the pawls. Upon downward travel 
of the main slide, spring 5 is released. Due to its action on sleeve 6 and tie-rods 
7, pawls 4 grip the pull end of the broach. Interchangeable in«erls 7 centre 
the broach in the puller head. 


10-2. Surface Broaching Machines 

Both vertical and horizontal machines arc employed for surface broaching. 
Surface broaching can also be performed in the continuous-typo machines. 

Horizontal surface broaching machines have a slide with a long stroke, 
and broaching is usually performed in both directions. A block diagram 
of a liorizontal broaching machine, manufactured by the Cincinnati Com- 
pany (USA), is shown in Fig. 2H. Workpiece 7, pushed by loading conveyer 
S along roll table 6, is loaded into rotary fixture 5 in which the workpiece 
is clamped and carried to the working zone of upper broach 9. The main 
slide travels to the left and broaches tlio workpiece. Then the workpiece 
is transferred by turn-over device 4 to fixture 3 in which it is machined 
by broach 70 when *’ ' ” ' ‘ r, • tins the complete- 
ly broached workp ’ along roll table 2. 

Vertical surface ■ .ortical models for 

internal broacliing in that the main slide and platen are of different con- 
«ilruction and that they have no broacb-handhng slide (Fig 212). 

The work is clamped in a fixture mounted on recoding table 1 The broach 
is clamped by means of the main holder on main slide 2 which travels along 
the vortical ways of column 3. The hydraulic circuit of the surface broaching 
machine (Fig. 2f3), differing only slightly from the circuits of internal 
broaching machines (Figs. 207 and 209), incorporates means for preventing 
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I'i^. 211. lUock iliafirani of 


luiri/.oiital .'^tirfaco hroacliing machine made by the Cin- 
cinnati Company (USA) 


Iho .slide sirokc from bcijig slarlod before the table, is rolurnod lo its broaching 
po.'^ition. Ibis interlocking feature has been provided for by an arrangoniont 
wbicb allows tbo spool of valve Vn to bo shifted to the culling slrokc ])osilion 
only when the phingcr of the lablo aclualing cylinder is in its oxlrcino left 
j)osilioii. Ibe niain slide can be reversed to the relurn slrokc only when 
Ibe ])lunger is in the c.Klreiuo righl position (when tbo table is in the unioading 
position) as olborwiso differential valve DV cannot bo sbiflod to tbo return 
stroke position. 

Universal broaching machines, adapted for both internal and surface 
broaching, are also available. For example, model TTbiy. a vertical machine 
of this type made in the USSR, has a broach-handling slide that can be 
.switched off and remains in its extreme upper position when Ibo niacliino 
■? yfi'fl for surface broacbiiig. riie wmrk is clamped in a fixlure on a Iw'O- 
station indexing table, liie workpiece is loaded and unloaded in co-ordination 
with tbo cutting and return strokes of the main slide 

Higb-produclion multipUvstation broaching machines and continuous 

for surface broaching in mass production, 
n . T ‘‘’Jniultaneously in the iiiultiple-station 

t e m h ^ l^i-oacbes operate simultaneoiislv in 

In' k, i - i; b , aro clam, ,0,1 on a rotary 

In-oaiiior ' ' ' ''tr-mcod in sols lo tho continuously rccijn-ocatino 

TI,o1!m.ir,'r,,l'cnb'",''" “r» sclicmalicallv in Fig. 21.0, 

In lioii/oiital clia n-ty|ic maclunc shown i„ Fio. 2lr,n is d'csioncil for III,' 

on aT Zlw'X iiT” 

"*^'^'P'^ces are machined by broaches secured 





Fig. 21.3. Hydraulic circuit of a vertical .surface broacliing inacliino 





latiim vi'rlirnl i>ro.nrliin(' Fig. 215. Tlio jirinripio of ronllniiniM limarhing 
infliliio mnrlihiPH 
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in. the upper part of the bed; the broached -work is automatically released 
from the fixtures and falls out into the -vrork chute at the xmloading position. 
In some of the vertical continuous broaching machines the vrorkpieces are 
machined during their vertical travel. 

The rotary broaching machine shovm in Fig. 215b is intended for con- 
tinuous broaching of surfaces vrhich are part of a circular cylinder. The 
broaches can be arranged either in the central part or around the periphery 
of the rotating table. 

On machines of these types the vrork is clamped, and the broached vrork- 
pieces are released, automatically. 

10-3. Extending the Processing Capacities 
of Broaching Machines 

Not only ruled surfaces, but more complex curvilinear surfaces can be 
machined in surface broaching machines equipped vrith a tracer-controlled 
device. The Oilgear Company (USA) has applied a tracer-controlled device 
to a vertical broaching machine (Fig. 216). This device enables comnlex 
parts, such as turbine blades, to be efficiently broached. 
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Hero, two broaches aro mounted on the vertical column of the machine. 
Broach 2 is for roughing and broach 4 for finishing the surface. Arranged 
between the broaches is template bar 3 on which the curves of the required 
profile are repeated as many times as there are teeth on the finishing broach. 
The template bar and the finishing broach operate synchronously. 

A two-station fi.\ture is mounted on the receding table. The workpiece 
is roughed in left-hand fixture 1 and finished In right-hand fixture 5. 

The complex cross-sectional profile of tho workpiece is obtained in finish 
broaching by means of the tracer-controlled device which consists of the tem- 
plate bar and a roller follower. The latter is linked to the right-hand, movable 
part of the work clomping mechanism and reproduces on the workpiece 
a profile corresponding to the profile repealed on the template bar. Constant 
contact of tho roller follower ^ith the template bar is ensured by a spring 
device which is under the pressure of the oil in the hydraulic system. At the 
beginning of the operation this pressure is about 7 kg per sq cm. 

The total force exerted on the template bar during (he broaching operation 
is about 1,250 kg. 


10>4. Automation of Broaching Machines 

Broaching machine automaticily is being developed along tho lines of 
automatic delivery of the workpieces to the machine, automatic loading 
and location of the workpieces in the working position and automatic 
unloading of the broached workpieces, as well as automation of all motions 
concerned with approach of the tool to the work, its clamping in the broach 
puller, guidance during the cutting stroke and broach return to the initial 
position. 

At the same time, new designs of machines are being developed both 
for internal and surface broaching in which the broaching load is axially 
symmetrical. Research conducted by the Experimental Research Institute 
for Metal-Cutting Machine Tools in Moscow shou-s that in machines of this 
typo less than 10 per cent of the developed pulling force is required to 
overcome the friction forces in the main slide ways instead of 20 or 30 per 
cent required in ordinary broaching machines. This is duo to the fact that 
there is no moment of couple acting on the mam slide in machines with 
a symmetrical loading system since the pulling force is in strict allignmcnt 
with tho broaching force. As a result, tho machining accuracy is considerably 
higher (two- or tlireofold). 

The construction of the vertical internal broaching machine, model 7G3. 
shouTi in Fig. 217, is based upon a sjonmetrical system of loading the main 
slide. This machine weighs 35 per cent less than model 7702B which is of 
the same capacity but of ordinary’ design. Moreover, this new machine can 

20 * 
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Fig. 


217. Vertical broacliing macliinc, model 703 



be built into a transfer machine, in which case tlie workpieces are loaded 
and unloaded through the column. At the present time, a whole size range 
of such broaching machines is being designed. 

Automatic multiple-station broaching machines are also being developed 
that perform the same operation on several workpieces, or a sequence of 
broaching operations on each workpiece. Automatic unit-built machine 
tools have been designed that perform a number of different machining 
operations including broaching. 

Certain broaching machines are being built into automatic transfer machines 
and automated production lines. Practically any lot-produced model at 
the present time can be built into an automated production line. However, 
since the machining time in broaching is very small in comparison with 
uny other machining process, and in relation to the time required to load 
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tbo blank and remove the broached ^vorkp^ece, a broaching machine will 
not be efficiently utilized in such a line. 

Full utilization of broaching machines is possible in automatic transfer 
machines comprising only broaching machines. Recently, such transfer 
machines have found wide application in machining housing-typo parts. 
The broaching speeds in such transfer machines may range from 60 to 90 m 
per min. Economically, installations of this type arc more expedient 
than transfer machines in which housing-type parts are machined by 
milling. 



CHAPTER 11 

GRINDING MACHINES 


A distinguishing feature of grinding machines is the rotating abrasive 
tool. This group of machines is employed chiefly for finish machining op- 
erations accomplished hy removing layers of metal from the work surface 
with an accuracy that may reach tenths of a micron, and producing a very 
high class of surface finish. 

Grinding machines handle workpieces that have been previously machined, 
in most cases, in other types of machine tools, leaving a small grinding 
allowance whose magnitude depends upon the required class of accuracy, 
size of the work and the preceding machining operations to which it has 
been subjected. 

Improvements made in recent years in the quality of grinding wheels 
and machines, and the latest developments of up-to-date blank manufacture 
(rolling, drop forging, investment and other precision casting processes, etc.) 
enable high-production grinders to be used in many cases for rough and 
finish grinding instead of lathes, milling and other machines performing 
sGinifinishing operations. 

Operations efficiently performed by grinding machines include; (a) roughing 
and cutting off blanks; (b) precise machining of flat surfaces, surfaces of 
revolution, profiles of gear teeth, thread and other helical surfaces, contoured 
siu'facos, etc.; and (c) sharpening all types of cutting tools. 

Grinding machines find application in all branches of the engineering 
industries. The number of types and sizes of general- and single-purpose 
grinding machines in operation in the USSR is over 30 per cent of the total 
number of types and sizes of metal-cutting machine tools in Soviet plants. 
A large share of these arc single-purpose grinders. 

In accordance with the shape of the ground surface and the kind of grinding 
they do, general-purpose grinding machines can be classified into the following 
main typos: cylindrical, internal, surface and centreless grinding ma- 
chines. 

The accuracy of surfaces machined in grinders depends upon the type 
of operation being performed (cylindrical grinding, internal grinding, etc.) 
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TABLE 30 


Grindln- 

1 Grade of Accuracy 

llcntts 

mean economically 
feasible 

houghing 

3-4 

3a 

Finishing 

i-2a 

2 

Precision 

' 

1 


and the grinding speeds and feeds. General grinding accuracy data are listed 
in Table 30. 

Attainable classes of surface finish arc indicated below for each tj’pe of 
grinding machine. 


11-1. Cylindrical Grinding Machines 

Cylindrical grinding machines arc intended for grinding external cylin- 
drical and tapered surfaces, and arc further subdivided into the universal 
and plain types. 

In addition to tlie small table swivel (up to universal cylindrical 

grinders also provide for swivelling the workpiece and the grinding wheel 
by swivelling headstock 3 (Fig. 218) and whcclhead 4 about their vertical 
axes through a largo angle. This enables steep tapers and end faces to bo 
ground in those machines. Universal grinders are usually equipped with 
an additional head or attachment for grinding holes. 

In a plain cylindrical grinder only the work table can be swivelled 
through an angle of ±G°. This is used for grinding tapers with a small inclu- 
ded angle. 

The capacity of a cylindrical grinder is specified by the maximum diame- 
ter and length of workpiece that can be accommodated. In the general-purpose 
grinders manufactured in the Soviet Union, the maximum workpiece di- 
ameter ranges from 100 to 800 mm, and the maximum length from 150 
to 6,000 mm (Table 31). 

Up-to-date cylindrical grinding machines operate on a semiautomatic 
or automatic cycle and can bo efficiently employed for mass, lot and piece 
production. Many models have provision for installing an automatic in- 
process size control device. The roughness values of surfaces ground in 
oylindrical grinders should be within the values stipulated for the 4th and 
olh classes after rough grinding. 7lh and 8th classes after finish grinding 
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TABLE 31 


CjJindfical 

grinders 

Jlodel 

1 MaxtiQuizi 1 

Work speed 
range, 
fpm 

Tower of 
wheel drive 

kW ’ 

Net weight, 
kg approx. 

1 diameter | 

length 1 

of vorknlrce accon- 
modalcd. mm 

Unncrsal 

3M0n 

100 

130 

100 to 800 

0.7 

450 


3\110 

r.o 

200 

75 to 750 

2.2 

1,200 


3GI2 

200 

500 

.50 to COO 

3 

2. COO 


3\I30 

280 

700 

50 to 400 

3 

3,500 


3131 

2S0 

1,400 

50 to 400 

3 

5,000 


3110 

400 

1.000 

40 to 350 

7.5 

7,000 


3A141 

400 

2,000 

40 to 350 

7.5 

9,500 


3yi53 

500 

1,400 

20 to ISO 

7.5 

0,800 

1 

3142 

SCO 

2,000 

20 to ISO 

7.5 

11,000 

Plain 

3D110 

10(1 

200 

100 to 1.200 

1.1 

l,C00 


3A153y 

IW 

500 

75 t«» 75*3 

5.5 

2,3a3 


3C151II 

200 

700 

CO to 2S0 

7.5 

3,100 


aKioin 

280 

1.000 

GO to 210 

7 5 

4.000 


3M0'< 

400 

2 .ono 

40 to 140 

13 

10,0(10 



400 

l,4no 

40 to 140 

13 

8,000 


3AI&SA 

400 

2.800 

4»» to 1 m 

13 

9.200 


3\172 


i.OOO 

12 to 120 

22 

22,000 


3\172B 

500 

2,800 

12 to 120 

22 

18.000 


3\174 

SCO 

G.OOO 

8 to 8*3 

30 

28.000 


3A17iE 

800 

4.000 

8 to 80 

30 

24.000 
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Fig. 220. Diagrams of cylindrical grinding: 

(a) trayersr grinding, (b) plunge-cut grinding nork speed, —rate of trawse; »t— infeed, r, i — 

vheel speed) 


Tho grinding wheel is powered by motor Mt {7 kW, 930 rpm) through 
a V-bcU drive with change pulleys. To obtain a belter finish on surfaces 
ground by the plunge-cut method, an axial oscillating motion can ho imparted 
to tho wheelhcad spindle by moans of worm 4 (Fig. 219) and helical gear 3 
whoso shaft mounts an eccentric cam. 

Tho oscillating motion is transmitted from the cam by means of lover 5 
to tho wheel spindle with a frequency of 40 full strokes (back and forth) per 
minute and an amplitude ranging from 0 to 3.4 mm. Tho oscillating motion 
of the wheel spindle is disengaged cither by lever .2 or by hydraulic cylinder i. 

Motor Mz (0.76 kM*) drives the workpiece at a speed ranging from 03 to 
400 rpm through two V-belt arrangements and the faceplate. 

The table can be reciprocated cither by Ibc hand traverse mechanism 
14 r 23 1 12 

(handwheel 13, spur gears p 1®*’%) ^ ’ and rack pinion lOT meshing 

with the table rack), or by the hydraulic drive through the piston rods of 
cylinder 7. 

Hydraulic table traverse is engaged by switching on the pumping station 
and shifting valve Tj to the TABLE TRAVERSE position. Oil is delivered 
by tho pumping station through valve Ft, check valve 14, valve Fj and 
the pilot-operated reversing valve Fj to tho left end of tho hydraulic 
cylinder. At the same time, oil passes from valve Fj through table traverse 
valve 12 to hydraulic cylinder 10 of tho mechanism for interlocking hand 
table traverse. This cylinder disengages jaw clutch Cj. 

From tho right end of cylinder 7 oil is forced through valves F-, Fj and F*, 
now-control valve Ti and backpressure valve 15, hack to the tank. The 
speed of table traverse is determined by the sotting of valve Tj. The 
table is automatically reversed by pilot val\c Fj which is operated 
by adjustable trip dogs 6. Wlien valve Fj is reversed, it shifts valve to 
the TO LEFT position and oil from valve F* is admitted to the right end of 
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iiytlraiilic cylinder 7. Tlu’Oitlc valve 7\ serves to regulate table tarry, or 
dwell, during reversals, while throttle valve Ts regulates the smoothness 
with which the table accelerates following reversals. 

For convenience in setting up, the table can he traversed to the right and 
left, with the wlieelhead withdrawn and the hydraulic table traverse switched 
off. In this case, valve Fj is set to the STOP position and valve Fq to the 
WITHDRAWAL position. Afler wlieelhead withdrawal, oil passes from 
cylinder 8 through valve Y\ 1o valves F.-j and Fy whicli are shifted to their 
second positions when their springs are compressed hy the oil under pressure. 
This prepares the circuit for connecting the pressure port of valve F 2 
to pump P), and its draining port to the tank. Tiiese connections occur 
when the handle of valve 12 is inclined in the desired direction of table 
traverse, and simultaneously oil is admitted into cylinder 10 to disengage 
the hand table traverse mechanism. The speed of table traverse is determined 
hy Ihe angle to which the lever of valve 12 is inclined. If the lever is released, 
valve 12 shifis to its neutral position in which both the pi’cssure and draining 
ports of valve Fo are closed, the two ends of hydraulic cylinder 7 are 
connected togelher through valve Fj and hydraulic cylinder 1.0 is connected 
to the tank. 


To true or dress the wheel, valve V,, is shifted to the TRUING position. 
At this, liydraulic cylinder ./ disengages the oscillating movement of the 
wheel spindle and the draining jiorts of valve Fo are connected to the lank 
Ihrongii flow-control valve 7’/,. 

Automatic intermittent infeed is accomplished in the given machine 
either from a ratchet mechani.sm afler .shifting valve F^ to the RICKER 
INFEED position, or from tlio plunge-cut infeed mcclianism after .shifting 


the same valve Fr to the STRAIGHT INFEICD position. To obtain inler- 
millent infeed, valve F;, is .‘^et to one of liio following positions; INFEED 
F.ACII lilND, 1NF15F;D AT l.EFT END or INFEED AT RIGHT END. 


When picker infeed is engaged (food from the ratchet mechanism), upon 
table reversal, oil from valve F., passes through valves Fp, Fjo and Fh into 
hydraulic cylinder 11. The piston of this cylinder is shifted to the right and 
the jiawl it carries turns ralchel wheel 2007’ a certain number of teeth. 


Rotation is Iransmilled further tlirongh hovel gears X — to the nut of 

wU 0^1 

the f(‘od .'^crew. After the infeed movement has hceii completed, valve 
I'lo is reversed and it connects hydraulic cylimlor 11 with the draining 
port of valve Fr, while the sju-ing of cylinder 11 returns the piston with 
the paw! to tlie initial position. The reversal of valve F,o i.s detained hy 
the cushioning valves 6’Fj and CV^. 

If straight infooil from the plunge-cut infeed mechanism is engaged, at 
the moment of table reversal oil from valve TA, passes through valves Fp. 
10 and I fi to valve Fj,, shifting it to position «; (his connects the metering 
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cylinder to the drain end of hydraulic cylinder 9 of the plunge-cut infeed 
mechanism. Since, in grinding, the wlieolhead is advanced to the n'orlc, oil 
from hydraulic cylinder 8 can enter the upper end of hydraulic cylinder 9. 
In its travel, the combination rack and piston of cylinder 9 rotates gear 
3(jT on whose end face is a cam limiting the travel of the piston of hydraulic 
cylinder 8. When gear SGT" is turned, the cam permits the piston of cylinder 
8 to move in the direction of the workpiece. The angle of rotation of the 
gear with the cam is determined by the volume of oil forced from cylinder 9 
into the metering cylinder whose volume is set up with a stop. 

When the metering cylinder is full, valve r,o is operated. This connects 
the controlling elements of valve Tit with the tank. Under the action of 
a spring, valve I'n is shifted back to position b and the metering cylinder 
is connected to the tank, thus being prepared to receive a new portion of oil. 

Plunge-cut grinding is performed by setting valve T'js lo the CONTIN- 
UOUS INFEED position. This disengages the longitudinal traverse and 
the lower end of hydraulic cylinder 9 is connected through valve Vj* to the 
flow-control valves for setting the rate of plunge-cut infeed. If the wheel has 
not reached the work, tiie sleeve of flotv-control v.ilve Ti is turned to increase 
the rate of working infood. This reduces the time spent in “grinding air". 
As soon as the handle of the flow-control valve sleeve is released, it returns 
to its initial position and the rate of infeed is again determined by the setting 
of flow-control valve Ty 


11-2. Internal Grinding Machines 

Internal grinding machines arc intended for grinding cylindrical and tape- 
red holes. The end faces of the workpiece are usually ground in these 
machines as well. Surface finish attainable in an internal grinder is within 
the roughness values stipulated for the Gth and 7lh classes after rough grin- 
ding, and the 7th and 8th classes after finish grinding 

Tiie principal dimension specifying the capacity of an internal grinder 
is the maximum diameter of hole ground (T.able 32). As to the arrangement 
of their spindle, internal grinders ore classified as horizontal and vertical; 
depending on whether the work rotates or remains stationary, internal 
grinders are classified as ordinary, or chucking, and planetary machines 

In addition to tlie primary cutting motion— grinding wheel rotation- 
internal grinders of the chucking type have the following working motions 
<Fig. 221); 

(a) work rotation i-Vn; 

(b) traverse motion S|, the reciprocating motion of the work or grinding 
^heel; 

(c) infeed s*, the periodic crosswise motion of the wheelbead. 
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TABLE 32 




Maximum 

diameter 


Range of work 

Avail- 

Net 

Internal 

Model 

xlength 

Range of wheel 

able 

weight, 

grinders 

of hole 

speeds, rpm 

speeds, rpm 

power. 

kg 



ground. 



kW 

approx. 



nim 





Universal 

3B225 

25 X 50 

2,400 to 96,000 

250 to 2,500 

1.7 

2,000 


3B220 

50 X 80 

1,500 to 25,000 

250 to 1,700 

1.7 

2,300 


3B227 

100 X 125 

8,600 to 18,000 

180 to 1,200 

3 

2,700 


3A228n 

200x200 

4,500 to 15,000 

85 to 600 

5.5 

4,000 


3A229 

400 X 320 

3,300 to 7,000 

40 to 250 

7.5 

5,500 


3A230 

800 X 500 

1,900 to 4,460 

10 to 100 

17 

14,000 

Semiaulomnlic 

3A22oB 

10 X 30 

96,000 

600 to 2,400 

0.8 

1,800 

with auto- 

3A226B 

32 X 50 

18,000 to 48,000 

650 to 1,600 

2.2 

2,000 

malic gaug- 

3A227B 

05 X 80 

13,000 to 24,000 

500 to 1,000 

4 

2,300 

ing facili- 
ties 

3A228B 

125 

7,550 to 13,100 

100 to 700 

5.0 

4,500 

.Soniiautomalic 

3A229B 

250 

3,300 to 7,000 

70 to 400 

7.5 



3A230B 

500 

1,900 to 4,460 

20 to 250 

13 

13,500 

Automatic 

3A226A 

32 X 50 

18,000 to 48,000 

650 to 1,600 

2.2 

2,100 

witli auto- 
matic gaug- 
ing facili- 
ties 








Planetary 

j 

3283 

200 X 500 


Speed of ex- 
ternal spin- 
dle of wheel 

CO to 150 

5.5 

6,000 


3A28G 

320x800 


40 to 100 

7.5 

10,000 


3A287 

500 X 

X 1,250 


15 to 60 

10 

15,000 


3288 

800 X 

X 2,000 


8 to 40 

13 

20,000 
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Fig. 221, Diagrams of internal grinding: 

(a) In chuckin; grlndm. (b) in planetarr grinders 


In the planetary-type internal grinders, designed for finishing holes in 
workpieces of irregular shape, or large heavy workpieces, work rotation 
is replaced by rotation of tho axis of grinding wheel 7 in a circle about the 
a.tis of tho hole being ground {Vu.k in Fig- 22\b). The traverse motion 
is obtained by reciprocation of either the grinding wheel or tho work table 
on which the work is clamped. Infeed is effecled by a periodic radial 
movement of the grinding wheel axis in such a manner that after each full 
stroke (back and forth), the radius of the circle, described by the wheel 
spindle about the axis of the hole being ground, increases. 

Tho following mechanisms are found In both chucking and planetary 
machines: wheel drive, work rotation or planetary motion drive; traverse 
mechanism and infeed mechanism. 

Grinding wheel drive. Internal grinding spindles operate at high and super- 
high speeds which may reach 150.000 rpm. As a rule, the smaller tho wheel 
diameter tho higher the speed should be. 

In internal grinders tho grinding wheel is driven by one of the following 
methods. 

1. Tlie grinding wheel may be powered from ,in a-c motor through a flat- 
belt drive and, in some cases, on tbo medium and largo machines, through 
a V-belt drive. Canvas bolts are suitable for grinding spindle speeds up to 
18,000 or 22,000 rpm; further increases in speed being limited by the strength 
of the belt and its increasing vibrations. Canvas belts operate satisfactorily 
at surface speeds below* 30 m per sec. Silk belts are sometimes used at speeds 
up to 45 or 50 m per sec. Strong and flexible belts of nylon, suitable for 
speeds up to 50 m per sec, have become available recently. Combination 
belts of plastics (polyamides) and chrome-tanned leather permit operation 
at speeds up to 65 m per sec. Combination belts of perlon and soft chrome- 
tanned leather can operate efficiently at even higher speeds. Perlon imparts 
high mechanical properties to the belt while the chrome-tanned leather 
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increases the coefficient of friction of the belt on the pulleys. Such belts 
operate successfully at speeds up to 100 m per sec. 

2. The grinding wheel may be powered by a pneumatic drive (rotary 
air motor) enabling wheel speeds up to 80,000 rjpm to be obtained. One 
disadvantage of a pneumatic drive, however, is its lack of a sufficiently 
flat speed characteristic. In many cases, this does not allow a surface with 
a sufficiently high class of finish to be obtained. Moreover, the operation 
of a pneumatic drive is accompanied by a typical unpleasant noise. Because 
of these drawbacks, pneumatic drives have found only limited application 
in internal grinders, notwithstanding the fact that they provide stepless 
wheel speed variation and excellent wheelhead cooling facilities. 

3. Electrical grinding spindles with built-in high-frequency motors, 
aligned with the wheel spindle, have been widely employed in recent years 
(Fig. 222). The motors may be designed for running at 12,000, 18,000, 24,000, 
•36,000, 48,000 and up to 144,000 rpm. The smooth operation of these spindles 
and the high speeds enable surfaces to be ground to a high class of finish 
and with higli precision. Certain difficulties are encountered in varying 
the grinding spindle speeds. 

4. Hydraulic drives can also be used for powering the wheel in internal 
grinders. A screw-type hydraulic motor 1 (Fig. 223) can be used for this 
purpose. It is assembled into an integral unit with grinding spindle 2. This is 
a very compact arrangement in both the radial and axial directions, has 
a flat speed characteristic, can operate at high speeds (up to 30,000 or 
35,000 rpm), is silent in operation, and enables spindle speeds to be varied 
very simply. 

Angular-contact ball bearings of the precision classes with mist lubrication 
are employed in the first three types of drives. Aerodynamic and hydrody- 
namic bearings have also found application in internal grinding spindles 
in recent years. 

Spindle hearings with air-film lubrication (Fig. 222) permit peripheral 
speeds on the shaft journals up to 100 m per sec with a load up to 5 kg per 
sq cm over the projected area of the bearing. The absence of mechanical 
friction between the shaft journal and the bearing liner (they are separated 
by a layer of air) practically excludes all wear. Clean air is delivered to 
bearings 1 through passages 2, 5, 4 and 5. The increased air pressure in 
the lubricating clearance protects the bearings against the entrance of abra- 
si^o dust, metal dust and coolant. Air for cooling the electric motor is deliv- 
ered through hole 6. 

11 orl\ roidiioii or planet ary motion mechanism-. As mentioned above, one 
of the working motions in ordinary internal grinders is work rotation whose 
speed can bo varied either in steps or steplessly. Stepped speed variation 
IS accomplished either through a bell drive with stepped pulleys from a single- 
speed motor, or from a multiple-speed drive in conjunction with a stepped 
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Fi^. 222. Electrical grinding spindk nith air'film lubrication 



Fig. 223. Grinding spindle, model TBIII-O, with a scnwlypo hydraulic motor, designed 
by the Tractor and Agricultural Machinery llescarch Institute 


21>4)St9 
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pulley V-bolt drive, or through a gearbox with a belt drive as the last link 
of the kinematic chain. 

In stepless speed variation, either a variable-speed drive is used, or a d-c 
electric drive with infinitely variable motor speeds, or a hydraulic rotary 
drive with stepless speed variation. 

Many internal grinders have devices for braking the work spindle. 

In the planetary-type grinder, work rotation has been replaced by the 
planetary motion of the grinding wheel (Fig. 224fl). Upon the rotation 
of outer spindle 1, the axis of wheel spindle 2, arranged eccentrically in 
respect to the axis of the outer spindle, describes a circle. The axis of outer 
spindle 1 coincides with that of the hole being ground, and the required 
radius of the planetary motion is adjusted by turning an inner eccentric 
sleeve 3. 

Traverse mechanism. The traverse motion in an internal grinder is accom- 
plished by reciprocation of either the wheel head or the headstock. In most 
cases, a hydraulic drive of the typo employed in surface grinders (see Sec. 11-3) 
is made use of for this purpose. A crank mechanism of the shaper type is also 
used, though much less frequently. 

Infeed mechanism. All internal grinding machines have automatic infeed 
mechanisms which provide either a periodic infeed or a continuous infeed, 
with a constant or variable rate of infeed within a single cycle. 

In the great majority of grinders, periodic infeed is effected by a pawl 
and ratchet wheel mechanism actuated by adjustable trip dogs. 

Continuous infeed mechanisms have either electromechanical or hydro- 
mechanical drives. In the chucking internal grinders, the infeed mechanism 
transmits motion either to the headstock or to the wheelhead. Both design 
versions have found equally wide application. 

In the planetary internal grinders, infeed is effected by turning inner 
eccentric sleeve 3 (Fig. 2241?) in respect to outer eccentric spindle 1. This 
increases the radius of the cylindrical surface described by the axis of wheel 
spindle 2. The sleeve is turned by ratchet mechanism d through worm gearing 
5, differential d, gears 7, S, 5, 12 and 11, and worm gearing 10 in which 
the worm wheel is keyed on the eccentric sleeve. 

The workpiece is clamped in an internal grinder in a hand- or power- 
operated three-jaw self-centring chuck. 

Work is clamped in automatic and semiautomatic internal grinders in 
diaphragm or collet chucks, or other clamping facilities operated either 
pneumatically or hydraulically. The type and construction of the clamping 
device depend upon the shape of the workpiece. 

Stops and strap clamps are commonly employed to hold the work on the 
table of planetary-typo grinders. 
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11-3. Surface Grinding Machines 

The most widely used types of surface grinders at the present time are 
the following: 

i. Horizontal-spindle reciprocating-table grinders (Fig. 225). The recip- 
rocation of the rectangular table in these machines is the work table traverse 
motion {Vu,u) shown in Fig. 226a. The wheelhead has periodic cross feed Si, 
equal to the grinding width, after each stroke of the work table. The wheel 
is fed down to provide the infeed motion S 2 after the whole surface has been 
ground. 



I'lf,'. 225. Ilonzontal-spindlo rcciprocaling-lablc surface grinder, model 3B722: 
j— b.nsc; z — column; a — wliccHmad; 4— work tabic 
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Fig. 22G. Motions of tbc \sl)ccl and uork in surface grinding 


2. VertUal-tpiadle redprocatin^-table finders 227). la tUcso macUiacs 
a cup, ring or segmented wheel grinds Iho work over its full width, using 
the end face of the wheel, in one or several strokes of the table (Fig. 22G6), 
and is fed down periodically with the infeed motion 

3. Jlorizontal'Spindle rotary-table grinders (Fig. 228). The reciprocating 
cross feed motion St is transmitted in these machines to either the grinding 
wheel or the table unit (Fig. 226c). The work table also rotates with the 
speed UufU. Vertical travel s, of the table or whcelhead is used 

up the grinder. 
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rig. 227. Vorlical-spincllo rcciprocating-table surface grinder, model 3A732: 

j_),nse: r— work tabic; 3~table shield; 4— column; 5— wheelhead 


f\. Vertical-spindle rotary-table grinders (Fig. 229). These machines differ 
from the i.verlical-spindle rociprocaling-labie machines in that the work 
table is circular and rotates with the speed (Fig. 226e). 

Surface finish attainable in surface grinders is within the roughness values 
stipulated for the 5th through 7th classes for rough grinding, the 7th and 
8lli classes for finish grinding, and the Sth and Qth classes for precision 
grinding. 

The main dimension of surface grinding machines, the size of the work 
table, is listed in Table 33 for Soviet models being manufactured at the pres- 
ent lime. The principal mechanisms of this type of machine are; grinding 
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J— base; r— column; j— »h«‘lb<'a(l. i— «ork wblf, j— cradle, e— jaddle 
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TARLE 93 


Surface grinders 


Model 


Work title 
re- 
ciprocation. 

lo/min or 
rotation, rpm 


Aral!- 

able 

power. 


Net 

weiftjt. 

ks 

approi. 


Horizontal-spindlo reciprocal- 

3701 

125 x 400 

3 to 25 


2,200 

ing-tablo 

3711 

200 x 630 

3 to 25 

0 •* 

2,900 


3B721 

320x1.000 

3 to 25 

10 

6,700 


3C724 

400x 2,000 

3 to 30 

30 

15,700 

Vertical-spindle reciprocating- 

3731 E 

200 x 630 

3 to 25 

4 

2,000 

table 

3B732 

320 x 800 

3 to 30 

13 

6,400 


3733 

400X1,500 

3 to 30 

22 

12, COO 


3734 

C30 X 2.000 

3 to 30 

30 

18,000 

Ilorizontal-spindlo rotary-ta- 

3742 

dia 200 

20 to 200 

3 

2,150 

ble 

3B740 

dia 400 

20 to 200 

7.5 

3,100 


3B741 

dia 800 

8 to 80 

10 

6,000 


375C 

dia 1,500 

17 to CO 

30 

32,000 

Vertical-spindle rotary-table 

3734 

dia 400 

C to 30 

22 

4,500 

(table can bo moted out 

3D756 

dia 800 

C to 30 

30 

C,750 

from under nheol) 

(KID-18) 

dia 

1,600 

3 to IS 

So 

14,300 

Production-type \^^th rolal- 

37C2 

dia 1,000 

G to CO 

19 

25,000 

ing table 

3763 

dia 1 

,000 

4 to 40 

19 

35,000 

3764 

dia 2,500 

2 to 20 

25 

60,000 

Double-housing planer-type 

^ 350S 

rioxs.zoj 

2 to 25 

22 

34 .O'M 

xvitli horizontal spindles 

3510 

900x4,000 

2 to 25 

22 

44,500 


3512 

1.120 x 4.000 

2 to 25 

22 

55,000 

Double-housing plancr-tjpe 

350SD 

710x2.500 

2 to 25 

3) 

30,500 

with vertical spindles 

35iOB 

900x3,50) 

2 to 25 

30 

43.000 

35I2B 

1,120 x 3,500 

2 to 25 

00 

53,000 












330 


GRINDING MACHINES 


wheel drive, traverse niechanism, cross feed mechanisni, vertical feed (infeed) 
mechanism and table drive (for rotary-table models). 

The grinding wheel in a surface grinder may be driven: (a) by an electric 
motor built into the wheelhead housing and in line with the wheel (this 
is the most commonlj^ applied type of drive), (b) by a motor through a belt 
transmission (used only in the third type of Soviet grinders, as in Fig. 228), 
and (c) by an electric motor through toothed gearing (not applied in Soviet 
models). 

Traverse mechanisms. In the reciprocating-table machines, the rectangular 
table is reciprocated along the base ways by a hydraulic drive. Hand table 
traverse mechanisms are provided only in small and medium-sized models. 
The hydraulic circuit of such mechanisms is similar to that used in cylindrical 
grinders (see Fig. 219), e.vcept that only one table traverse speed is available. 

A traverse motion, effected by travel of the wheelhead, has found appli- 
cation only in certain models of single-purpose grinders. Table traverse 
speeds with a hydraulic drive range from 20 to 40 m per min. 

Rotary-table surface grinders have no traverse mechanisms. 

Cross feed mechanisms are found only in horizontal-spindle models. The 
cross feed motion may be transmitted to: 

(a) a movable wheelhead, as in all Soviet reciprocating-table grinders 
and previously in certain rotary-table models (not produced at present); 

(b) a movable table unit as in all rotary-table grinders and in certain 
reciprocating-table surface grinders (model 3B70); 

(c) a movable column on which the wheelhead is mounted, as employed 
in certain special surface grinders. 

Power cross feed is accomplished hydraulically; hand cross feed— by a screw 
mechanism. 

As a rule, the reciprocating-table machines have both hand and power 
cross feeds, the latter operating either periodically or continuously. 

Periodic cross feed is intended for feeding the wheel across the width 
of the work in the process of grinding and occurs at each end of the stroke 
or once per full stroke (back and forth) in the same way as in cylindrical 
grinders (see Fig. 219). The rate>f cross feed can be varied from 1.5 or 3 mm 
to 0.8 of the width of the wheel per stroke. Continuous feed, in the range 
from 0.3 to 1.5 mm per min, is used in truing or dressing the wheel and in 
positioning the wheelhead. 

Vcrlical feed {infeed) mechanism. In all Soviet surface grinders and in 
most foreign models vortical feed is accomplished by wheelhead motion. 
In certain small-sized surface grinders, vertical feed is obtained by motion 
of a knee-type table unit. 

The horizontal-spindle reciprocating-table models do not, as a rule, have 
poN\er vortical feed. This feature is common to all the other surface grinders 
which also have mechanisms for automatic periodic infeed. In most models 
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the infeed motions are produced by a ratchet-and-pawl device driven through 
a lever system by adjustable trip dogs on the tabic. Hydraulic mechanisms 
aro also used for this purpose. 

The rate of periodic infeed in most models ranges from 0.002 or 0.005 
to 0.1 or 0.3 mm per table stroke. Most up-to-date models also have mecha- 
nisms for rapid vertical traverse of the wheelhead. 

Table rotation mechanism. The circular tables of surface grinders are powered 
by stepped or infinitely variable drives of the following types: (a) from 
on electric motor through a mecbanical gearbox (three or four table rotation 
speeds); (b) from an electric motor through a variable-displacement hydraulic 
circuit; (c) from a d-c motor with stepless speed variation. The con- 
cluding link of the kinematic chain in all cases is a V-belt drive or worm 
gearing. 

In the horizontal-spindle rotary-table models, the spindle of the work 
table is mounted in a cradle 5 (Fig 228) and can be tilted ICP from the ver- 
tical to either side. This enables convex or concave tapered surfaces to be 
ground in addition to flat surfaces (see Fig. 226d). 


11'4. Centreless Grinding Machines 

In respect to the kind of surface they can grind, centreless grinders are 
classified as external and internal centreless grinders. Their principal dimen- 
sion Is the maximum diameter of surface that can be ground (Table 34). 

Surface finish attainable in centreless grinding is within the roughness 
values established for the 5th through 7lh classes after rough grinding, 7th 
and 8th classes after finish grinding, and 8th and 9lh classes after precision 
grinding. 

Workpiece 3 (Fig. 230) is supported in an external centreless grinder on 
work-rest blade 4 and between grinding wheel ] and regulating wheel 2. 
The grinding wheel rotates at a peripheral speed of 30 to 40 m per sec and 
removes the grinding allowance from the workpiece. The regulating wheel 
rotates at a peripheral speed of 10 to 50 m per min. It Imparts both rotation 
and axial traverse motion to the workpiece. 

In an internal centreless grinder, workpiece 3 (Fig. 231) is rotated between 
support roll 1, pressure roll 2 and regulating roll 5, and is ground by grinding 
uheel 4. 

The workpiece, arranged between the wheels or rolls and supported by 
the work-rest blade or rolls, rotates at approximately the same peripheral 
speed as the regulating wheel or roll, since the friction between the regulating 
wheel and workpiece is substantially greater than between the workpiece 
and the grinding wheel whoso peripheral speed is 75- to 80-fold that of the 
regulating wheel. 
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TABLE 

34 



Centreless grinders 

Model 

Maximum 

diameter 

ground, 

mm 

Speed of regulating 
wheel or roll, rpm 

Avail- 

able 

power, 

kW 

Net 

weight, kg- 
approx. 


Semiautomatic for ex- 3ri80 
tcrnal grinding 3/^180 

3M182 

3A184 

3M185 

3186 

3A187 


25 to 350 and 450 
25 to 350 and 450 
20 to 150 and 320 
10 to 130 and 300 
12 to 100 and 280 
15 to 90 and 200 
8 to 70 and 185 


1,000 

1,200 

2,200 

5,100 

8,000 

14.000 

20.000 


Automatic for external 3M182K 
grinding 3M184K 

3M185K 


20 to 170 and 320 
15 to 130 and 300 
12 to 100 and 280 


2.500 

5.500 

8.500 


Automatic for internal 
grinding 


(CC85) 

3A229C 

(JI54G3) 

(GC8G) 

GC138 


65 to 175 
250 
50 

65 to 175 
120 to 280 


170 to 340 
G7 to 500 
445 to 1,350 
170 to 340 
188 to 520 


5,400 

5,500 

2,300 

5,400 

7,800 


Threo methods of cylindrical centreless grindinfr exist and are widelv 

(Hr P^^tice: througli-foed grinding (Fig 232a), infeed grinding 

(1 ig. 232c) and end feed grinding (Fig. 232d). ^ ^ ^ 

1 lie axial traverse motion is imparted to the workniece hv the rpo-nlnlim? 
wl.ecl tccauso Iho latter is inclined at a certain aSra irrSne^t to th? 

ill *an angif'a ml ^ work-rest blade is inclined 
on these dia Jam? S;i J" as indicated 

wlicel and the sine of (iio c, r peripheral speed of the regulating 
the rale of traverse ’ ‘ "S e of inclination of the wheel or blade. Thusr 

s ~ Un sin a m per min 

while the peripheral speed of the workpiece (work speed) is 

^wk ~ Vo cos a m per min 
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Fig. 230. Motions of the wheel and W'ork 
In centreless cylindrical grinding: 

I— nindlo; wheel, e— regwiatine wheel; a— work* 
piece. <— wofkTest Dlade 


Ftg. 231. Motions of the 
wheel and work in centreless 
internal grinding: 


j— lupport roll, e— prmure roll; 
j— workpiece; e— .rrlndinuwheel; 
#— repuiatinff roll 


Suitable values of the angle of inclination are: a = 1.5® to 6* for rough 
grinding, and « = 0.5® to 1.5® for finish grinding. 

Plain cylindrical workpieces (or stock) and tho cylindrical portions of the 
largest diameter on stepped and contoured workpieces can bo ground by the 
through-feed method. In grinding work of a length many limes greater 
than the width of tho wheel, heavy workpieces of largo diameter and narrow’ 
rings of a height considerably less than their diameter, feeding mechanisms of 
«i — It . 1 t ..,. 1 .. c.-j jjjjQ the grinding zone, 

t ; ■ ' ' * ’ding and regulating wheels 

■ . ’ ■ ■ ' ■ • * 'his purpose, the face of tho 

regulating wheel in tho first case or tho faces of both regulating and grinding 
wheels in tho second case (with an inclined work-rest blade) are trued by 
diamonds to tho shape of a one-sheet hyperboloid of revolution. 

To ensure that a true cylindrical surface is ground on tho work, it is set 
above the centres of tho regulating and grinding wheels by an amount equal- 
ling 0.15 to 0.25 of tho workpiece diameter, but not over 10 or 12 mm (to 
avoid vibration)^ 
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Infeed grinding in a centreless 
grinder (Fig. 232c) involves only 
rotation of workpiece S supported 
on work-rest blade 4. The cross feed 
is obtained by a method similar to 
plunge-cut grinding in which the 
grinding or regulating wheel is fed 
in a direction square to the work- 
piece axis by a precise feed screw. 
In some cases, the infeed motion is 
obtained by the use of a regulating 
wheel of special shape. Its periphery 
consists of sectors /, // and III 
(Fig. 233). Sectors / and III are 
circular arcs of different radii. Sec- 
tor II is shaped to an Archimedean 
spiral. This enables infeed to be 
obtained without movement of the 
wheelheads. The whole grinding 
cycle takes place during one revo- 
luUon of the regulating wheel. 

To grind tapered or contoured 
surfaces in a centreless grinder, tlie 
face of the grinding wheel or the 
faces of both wheels are trued to 

is loaded Ijotweon the wheels from abnlo 
wheel or the work-resl blade 1 Tclinod 

a fixed axial imtiiUnn nf ii.« (a ^dU) to provide for 

against U.e iSoTung" it 

infeed and depths of cut At ihn various rates of 

of the allowance is removed with a hSh^r^T r Process, a large part 
reduced and, at the end of Uie operation 
revolutions without infeed (spitking q^^) 

dialtVetweetrSuglSt’tL 

workpieces having siffees ("aperf sltoS""eJ I 
to pass between the wlieels As ibn wnvhy^- allow it 

work-rest slide and regulating wlmel 2 are wh h*!] end stop 5, the 

and workpiece 3 is removed from the ^indinn 

.^rtor rolling „„ .h„ w.„rk 42f 'iS;-, ^SrS 


mm 

^ id) 

Fig. 262 , Diagrams of conlrclcss grinding: 

J— firlnUlni' wheel; 2— remilatlnr wheel- •?_ 
workpiece; •!— work-rest blade; 5— end stop 
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Ftg. 233. .Automatic iaieed centreless grinding with the infeed motion provided^by tho 
profile of the reflating ubeel 


Centreless grinders can be set up to grind a specified size, and the infeed 
motion can bo accomplished by various methods: 

(a) Infeed is provided by travel of the work-rest slide and regulating 
wheel in respect to tho stationary grinding whcelhead. The grinding wheel* 
head possesses high rigidity in these machines. However, it is not always 
possible to make adjustments to componsato for wheel wear or to change 
over to the grinding of a different diameter without corresponding displace- 
ment and adjustment of tho loading and measuring doAices (Fig. 234). 
This limits tho use of such machines In automated production lines. 

(b) Infeed is provided by travel of tho work-rest slide and grinding wheel 
in respect to the stationary regulating wheolhead. All the inconveniences 
inherent in the preceding method and associated with travel of tho work-rest 
slide remain in this method and, moreover, the grinding whcelhead lacks 
sufficient rigidity. 

(c) Travel of grinding whcelhead J (Fig. 235) provides tho infeed motion 
and compensates for wheel wear. Regulating whcelhead 2 is adjusted to a new 
diameter of workpiece in respect to stationary slide 3 with tho work-rest 
blade. This slide Is secured on tho base of the grinder. Such an arrangement 
facilitates automation of tho grinder. In some models, tho infeed of the 
grinding wheel toward tho work is accomplished by tilting tho whcelhead 
housing forward (making use of a feed screw-) in respect to a pivot arranged 
in tho slide under tho grinding wheel spindle. This method of Infcod is highly 
sensitive, enabling movements as small as 2 microns to bo made. A hydraulic 
cylinder serves for rapid approach and withdrawal of tho wheelhead. 
The automatic sizing device is advanced and retracted by another 
cylinder. 

Tho grinder is set up to a now site of workpiece by adjusting wheelhcads / 
and 2, using screws. 




Fig. 234. Centreless grinder with a stationary grinding wheelhoad: 

base; t’-wlicel truing mechanisms; ^-grinding wheelhead; <f-slldc with the work-rest 

bl.ade; J— regulating wheelhead 








Fiff. 235. Automatic ccntrcicas Rrindor, modrl 318-t 

The speeds of the regulalinc wheel cfri\o and of the drive for traversing 
the truing devices are infinitely variable A tracer-controlled device is 
built into the truing mechanism to true the faces of the wheels to a specified 
profile, ns for infeed grinding. 

Another machine of this group is the centreless tliread-grinding machine 
in which grinding wheel 1 (Fig- 23G) has annular threads, or ribs, of a pitch 
equal to tliat of the thread being ground Through feed, at a rate equal 
to the thread pitch, is set up by inclining work-rest blade 3 to an angle a 
equal to the hcli.’c angle of the thread being ground on workpiece 2, and hj* 
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Fig. 230. Centreless 
thread grinding 


Fig. 237. Grinding thread with 
a multiple-rib wheel having a rib 
pitch twice the thread pitch 


swivelling the axis of regulating wheel 4 to the angle 2a. Through-feed 
centreless grinding is used for thread whose length is greater than the face 
w'idth of the grinding wheel. Short threads are ground hy the infeed method. 

Threads can also be ground with multiple-rib wheels having a rib pitch 
that is a multiple of the thread pitch (either twice or thrice the thread pitch) 
as shown in Fig. 237. In this case, if the infeed method is used, the 
thread is ground, not in one revolution of the w'orkpiece, but in two 
(or tlirce). 

Two methods of internal centrele.ss grinding are commonly applied. 
Traverse grinding is used for surfaces with straight elements (tapered or 
cylindrical). A reciprocating motion is imparled to the wheel in respect 
to the surface being ground (see Fig. 231). 

When the second method, plunge-cut grinding, is employed, only an infeed 
motion is imparled to the w'hcel. This method is suitable for contoured 
internal surfaces, and the wheel is first trued hy a diamond to the required 
profile. 

Internal centreless grinders have much in common with ordinary internal 
grinding machines. The chief difference is that the work is not held rigidly 
in a chuck. This feature reduces the time lost in aligning the axis of the 
work with the axis of rotation of the work spindle and in clamping the w'ork 
in the chuclc. As a result, internal centreless grinding is a highly productive 
process and is finding more and more extensive application in automatic 
transfer macliines and automated production lines. 

Machines of this type may operate on an automatic cycle consisting of 
the following elements: loading the work; clamping the work between the 
three rolls; rapid approach of the wheelliead to the work and slowing down 
just before Ibe end of the stroke; insertion of the tips of the automatic sizing 
device into the hole to be ground; rapid advance of the work crosswise 
to bring it into contact with the wheel and rough grinding; sparking out 
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Fig, 233. Diagrams of ccntirlcss grinding on supporling shoes 

and withdrawal of tho ^hcel from the work; wheel ilre«sing; infeed of the 
work b3* tho amount of tho finish grinding allowance with consideration 
for the reduction of the wheel diameter in dressing; finish grinding; w ithdrawal 
of the wlioolhead with the wheel to its initial jiosition; retraction of 
tho sizing device tips from tho ground hole; unclamping tho work; and un- 
loading. 

In one roccntlj* developed centreless grinder, the profile of the external 
surface of a hollow workpiece can he precisely iluplicaled on tho internal 
surface, or tho internal surface on the externa! surface, as well as the external 
on tho external and internal on the internal surface. In all cases, workpiece / 
(Fig. 238) is held tightly against the face of a rotating faceplate 2 of the 
machine by means of pressure rolls 3 . and against support shoes 4 due to 
tho offset bj* a certain amount (0 1 to O.o mm) of tlic centre of rotation of 
the workpiece in reference to the centre of tho faceplate in the direction 
shown in Fig. 23S, 

Tho duplicating accuracy of such machines is very high; the error is within 
one micron. 

In comparison with cylindrical grinders, centreless grinders have tho 
following advant,ages: 

(a) Their output is higher duo to the reduction in handling time connected 
witli selling up the work in the grinder and removing the ground work. 
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(b) Less grinding allowance is required because the workpiece centres 

itself during operation. , , t i 

(c) Higher grinding speeds and feeds can be employed, and more metal 
can be ground off per revolution of the workpiece as there is no danger of 

bonding the work. ... , r i • 

(d) More stable dimensions can be maintained in each lot of workpieces, 
(o) Work of very small diameter can be ground (external grinding). 

(f) Concentric surfaces can be ground to high precision (by the centreless 
duplicating method). 

(g) Less skill is required to operate centreless grinders. 

Surfaces with longitudinal slots or grooves cannot be ground in a centreless 
grinder unless the slots are filled with temporary (“false”) keys. 


11-5. Mounting and Balancing 
Grinding Wheels 

Proper and reliable clamping of the grinding wheel on the wheel spindle 
is a prime requisite, both for operator safety and to obtain ground surfaces 
of the specified accuracy and surface finish. Various methods of wheel moun- 
ting are employed (Fig. 239), depending upon the type and construction of the 
grinder and the shape and size of the wheel. 

Wlieels of small diameter, used in internal grinding, are either clamped 
by screws, with the wheel seated either on the screw (Fig. 239a), or on 
the spindle nose (Fig. 2396), or they are cemented or glued on a stem 
(Fig. 239c). 

Grinding wheels with a small hole are clamped by flanges directly on 
the spindlo (Fig. 239d, e and /). Blotters or washers of an elastic material 
(cardboard, rubber, leather, etc.) 0.5 to 3 mm thick must be inserted between 
the flanges and the wheel. The blotters must cover the whole clamping 
area of the flanges and stick out 3 to 5 mm beyond their outside di- 
ameter. 

Grinding wheels with a large mounting hole are mounted on an adaptor 
called a wheel sleeve (Fig. 239g) which, in turn, is "mounted on the spindle. 
Cylinder wheels are secured on a special chuck 7 either by cementing with 
soluble glass or bakelito varnish, or by pouring molten sulphur, babbitt 
or load into the gap between the wheel and chuck flange (Fig. 2397i)- The 
surfaces of the wheel and chuck that are joined in this manner must be rough, 
cleaned of all dirt and degreased. 

Segmental wheels are held in their chucks either by cementing or by 
mechanical clamping, using tapered keys 1 and screws 2 and 3 (Fig, 239i)- 
The segments must be clamped on a width (height) less than their thick- 
ness. 



11-5. M0U^'T1^G AND SALANQNO CniNDINO TVJIKELS 





Fig, 239. Methods of mounting grinding wheels on the spindle 


Boloro mounting on the grinder spindle, each wheel with its slce\e should 
ho balanced on an arbor wliicli is placed on the straight edges or revolving 
disks of a balancing stand (Fig. 2W). The wheel is balanced by shifting three 
balance weights 1 in an annular groove of the wheel sleeve (or mounting 
flange). 

Certain types of grinders are equipped with a mechanism for balancing 
the wheel during grinder operation without stopping wlicel spindle rotation. 
Figure 241 shows tho gearing diagram of a mechanism for balancing tiio 
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Fig. 240. Revolving-disk wheel Fig. 241. Gearing diagram of a wheel 
balancing stand balancing mechanism 


wheel on a cylindrical grinder manufactured by the Kharkov Machine Tool 
Plant (USSR). 

Balancing is done by turning heads 3 and 4 to revolve weights 1 and 
2 in the same direction at diSerent speeds. One revolution of the weights 
corresponds to 128 revolutions of head 4 or 64 revolutions of head 5 in a direc- 
tion opposite to the rotation of head 4 . This mechanism is mounted in a 
bousing fastened to the wheel flange (see Fig. 239g). 

The balancing procedure consists in merely holding head 4 until the wheel 
is properly balanced. If head 4 is not released in time, so that the position 
of minimum unbalance is passed, then head 3 is held to return the weight' 
to this position. 

The position of minimum unbalance is determined by means of vibrome- 
tor or by the ripples on the surface of some coloured water poured into a reces: 
on the cover of the wheelhead. Whoelhead vibration will be at a minimun 
or entirely absent when (he wheel is properly balanced. 
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t1-6. Various Types of Grinding Machines 

In addition to tho gonoral-purposo grinders, a largo number of different 
machines are available for performing dofinito grinding operations on work- 
pieces of a single typo or on a single given workpiece. Single-purpose grind- 
ers may bo of tho single-spindle or muUiplc-spindle typo. Tho latter may 
carry several grinding wheels operating simultaneously and used for exter- 
nal or internal grinding of surfaces of revolution, or for grinding flat or con- 
toured surfaces. 

Tho following classification of tho most important types of single-purpose 
grinders is based on the shape of tho surface being ground and the purpose 
of tho machines: thread grinders, gear grinders (for more detail, see Sec. 1^7), 
spline grinders, profile or contour grinders, jig grinders, face grinders, spher- 
ical grinders, roll grinders (for grinding mill rolls), edge grinders, optical- 
projection grinders, tool grinders, various grinding machines for tho auto- 
molivo industries (for grinding crankshafts, camshafts, piston rings, etc.), 
and machines for grinding tho components of antifriction bearings. 



CHAPTER 12 

MIGROFINISHING MACHINES 


12-1. Microfinishing Processes 
in the Machining of Metals 

The necessity for increasing the dependability and service life of modern 
machinery leads to stricter requirements in specifying the permissible surface 
roughness of various machined parts. Surface finish has a vital effect on the 
most important functional properties of machine parts. These include wear 
resistance, fatigue strength, corrosion resistance and power losses in friction 
of motion. Thus, intensive wear of rubbing surfaces, if the finish is not good 
enough, occurs as a result of the rupture of the oil film on the peaks of the 
microirregularities. This leads to dry friction or to a state approaching dry 
friction at these places. 

TABLE 35 


Process 

Diagram of result- 
ing surface 
profile 

Designation accord- 
ing to USSR 

Std GOST 2789-59 

Height of mi- 
croirregularitics 
li, microns 

Precision turning 

Roughness 

|AvA/\/\Ar~ 6 to 96 1.25 to 12.5 

Grinding 


Honing 

12b 0.13 to 1.25 

Lapping 

1 ^ 116 to 136 0.08 to 0.25 

Suporfinishing 

11b to 14b 0.01 to 0.25 
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Tbe valleys of llic microirregularitics, as well as the peaks and surface 
scratches, are stress raisers and may lead to fracture of a part after pro- 
longed operation. Moreover, the sharp profiles of the \alleys are conducho 
to corrosion. ’ ■ ’ 

Therefore, microfinisliing processes are employed in machining the 
surfaces of many critical parts to obtain finishes of the higher classes (7 10 
to V 12 and sometimes higher). Such processes include honing, lapping and 
supernnishing. ^ 

Table 35 indicates the surface finish attainable in the most widely applied 
microfinisliing processes. 


12-2. Honing Machines 

Honing is the application of bonded abrasive sticks, 
held on the outside or inside of a honing tool (Fig. 242), 
to a surface for the purpose of limited stock removal and 
to obtain a suitable surface finish. The honing tool 
rotates continuously in one direction and 5imultancou.«)y 
reciprocates axially. Feed-out (or fccd*iD)is accomplished 
by periodical c.xpansion of tho sticks in machining internal 
surfaces or periodical compression of tho sticks (bringing 
them closer together) in machining external surfaces, 
for each full stroke of the honing tool. 

From 100 to 1,000 times more abrasive grains parlici* 
pate in the cutting process in honing than in grinding; 
tho cutting speed is only */}o to *'120 of the whedl speed. 
The pressure of the abrasive tool on the surface being 
honed is only from ‘ g to V,o of that in grinding, and is 
within 2 to 9 kg per sq cm (usually 2 to 6 kg per sq cm). 
The low cutting speed in honing and the comparatively 
low pre.ssure pro\ide for a relatively low temperature in 
the cutting zone. This enables a belter surface to be 
obtained. 

Honing is applicable in a wide size range; holes of a 
diameter as small as 3 mm and as largo as 1,000 mm can 



Fi?. >12. Honing tool: 

J— bcldns wIUi »br8sf'f itlcks; f— cenfs for ejpandirc tfc* ‘tlcki j— bexSj: 
4 ind «— unh-mal Jointi. i— jprlrc tor •ctmllrr tte fipardlrc corw^ 




346 


MICROFINISHING MACHINES 


TABLE 36 


Honing machines 

Model 

Maximum di- 
ameter honed 
Xlength of 
stroke, mm 

Range of hon- 
ing tool 
speeds, rpm 

A'vail- 

able 

power, 

kW 

Net 

weight, 

kg 

approx. 

Vertical 

00-58 

20x125 

625 to 1 ,295 

1.1 


00-50 

50 X 200 

200 to 800 

1.1 



0O-38A 

80x320 

200 to 800 

1.5 

B99 


3M83 

425x500 

90 to 240 

10 

(total) 



3B833 

165 X 500 

125 to 375 

3 



3H84 

200x1,250 

63 to 315 

7.5 

BUS iM 


3H85 

320x1,600 

25 to 150 

13 



3H86 

500 x 2,000 

25 to 125 

22 

■fiRllM 


KHt-43 

800x3,000 

15 to 45 



Automatic two-spindle 

00-42 

50 X 320 

200 to 800 

1.7X2 

2,400 

vertical 

3B83 

200 X 800 

125 to 365 

10X2 

10,000 

Automatic two-spindle 

PT-57 

85x5,000 

125 to 500 

10 

25,000 

horizontal 

PT-190 

175X6,000 

20 to 250 

22 

25,000 


PT-82 

200 x 5,200 

20 to 250 

22 

25,000 


3826 

400x10,000 

15 to 100 

20 

80,000 


be successfully honed. These are not, however, limiting values. The length 
■of the honed surface may reach 30 m in some cases. 

Depending upon the diameter being honed and the size of the abrasive 
sticks, the honing tool may hold from 1 to 12 sticks (in one row). Honing is 
■employed for finishing, not only plain cylindrical surfaces, but surfaces with 
koyways, splines, ports of various shapes, etc. Tapered surfaces and certain 
typos of flat and contoured surfaces can also be honed. 

In addition to the high class of surface finish it produces, honing also cor- 
rects certain errors in the geometrical features of the surface, such as taper, 
oul-of-roundness, barrel shape of holes, etc. 

In the honing process the abrasive sticks are guided by the previously 
machined surface; the honing tool is allowed to float by linking it to the 
maebino spindle through a universal joint (see Fig. 242). Due to this floating 
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action of tho tool, tho attainable machining accuracy docs not depend upon 
the accuracy of tho honing machine to any appreciable c.\tont. 

, Honing machines may have one or several vertical, horizontal or inclined 
spindles. Both general, and single-purpose models are available. The general- 
purpose honing machines manufactured in tho Soviet Union are listed in 
Table 3G. 

Parts up to 2,000 mm long aro honed, os a rule, in vertical machines; longer 
parts aro honed in horizontal machines. 

Conditions for cooling tho honing tool and carrying away the chips are more 
favourable in tho vertical machines since tho coolant (soluble-oil emulsion 
or kerosene) is more uniformly distributed over tho surface being machined. 
In tho horizontal honing machines, the coolant is delivered to the rear end 
of tho slowly rotating workpiece through a closed guard and is drained from 
tho front end. 

Bonding of tho arbor carrying tho honing tool is avoided by the use of 
travelling support carriages. 

Tho honing tool is rigidly mounted in horizontal machines designed for 
honing small short workpieces. The workpieces aro held in tho hands or aro 
clamped in a floating fixture. 

Tho gearing diagram of tho spindle drive In a honing machine differs only 
slightly from that of an upright drill press (see Fig. 121). 

The reciprocating motion of tho spindle of a vertical lioning machine Is 
most often obtained by means of a hydraulic drive, similar to tho drive of a 
slottcr (soo Fig. 201), but differing in that tho honing spindio travels nt tho 
samo speed in both directions. 

Tho following typos of drivesarc employed to impart tho longitudinal mo- 
tion to the honing tool of a horizontal machine: electromechanical with a rack- 
nnd-pinion or rack-and-worm drive as tho concluding link; rope or chain 
drive; and hydraulic drive. 

In the vertical machines for oxternal honing, both tho rotary and recip- 
rocating motions aro imparled to tho honing tool. In horizontal external 
honing machines, the workpiece rotates while tlio honing tool only rcclpro- 
cales. 

A now honing tccliniquo that makes i ' j- •» - 

piano of cutting, called vibration honini f 

years. It differs from ordinary honing m ' I ' ' ■ ' 

a frequency of 200 to 500 full strokes per • 

2 to 50 mm is added to tho reciprocating motion of the honing tool. This 
reciprocating motion can bo much slower than in the ordinary ma- 
chines. 

Vibration honing can produce a belter finish than the ordinary type; there 
is abo less tendency to glazing of tho abrasive sticks. 
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12-3. Lapping Machines 

Lapping is a final machining operation, applied to produce a very smooth 
surface, and consists in charging the surface of the work or tool (called the 
lap) with special abrasive pastes or loose-grain abrasive flours mixed with 
oil or similar fluid. 

The nature of the relative motion in lapping depends upon the shape and 
other features of the surface being lapped. Slightly diflering motions. are 
imparted to the workpiece and the lap so that the path of the abrasive grains 
of the lap is not repeated on the work. This leads to uniform performance 
and high production in the lapping operation (sufficiently rapid metal remov- 
al from the surface being lapped). The surface obtained will not only have 
an excellent finish, but will he highly accurate as well. 

Metal removal in lapping usually ranges from 0.003 to 0.03 mm, hut may 
reach 0.08 or 0.1 mm in certain cases. 

Lapping media include abrasive flours (diamond dust, boron carbide, sili- 
con carbide, aluminium oxide and emery) and pastes or compounds (chromium 
oxide, aluminium oxide, crocus and Vienna white) mixed with an oil or bond- 
ing vehicle (gasoline, kerosene, petroleum or vegetable oils, as well as ani- 
mal fats). 

Laps are made from cast iron (grade CM 18-36 or CM 21-40), soft steel, 
copper, brass, hardwoods, as well as hardened steels and glass. Copper and 
steel laps enable the lapping process to be speeded up; cast-iron laps retain 
their shape better and produce a smoother surface; glass laps have a high 
metal-removal capacity if used with fine-grain abrasive, and produce an even 
bettor surface than cast-iron laps. The finest finish is obtained in finish 
lapping if the laps are made of hardwoods (beech, oak, etc.). 

Lapping machines of the general-purpose (Table 37) and single-purpose 
types are available. The single-purpose types include machines for lapping 
valve seals, crankshaft crankpins and journals, camshafts, gears, 
etc. 

Cylindrical and flat surfaces are most frequently finished in general-purpose 
machines having one or two laps. The workpieces are placed in the openings of 
a retainer or spider, the shape of the openings depending upon that of the 
worlcpieces. The retainer with the workpieces is arranged eccentrically be- 
tween two lapping disks, or laps (Fig. 243a). Due to the relative sliding mo- 
tion which is the result of the different speeds of the laps and work retainer; 
as well as tlio pressure applied to the surface by the laps, the abrasive grains 
with which the laps are charged remove fine particles of metal from the sur- 
face. The retainers are made of soft materials (laminate fabric base, copper, 
etc.) to avoid damage to the surface being lapped. 

Machines with a single lapping disk are used to lap comparatively large 
flat sui faces. The work is clamped in a fixture to which a rocking motion 



tABLn 37 



WilU Iwoslonc^liolilprlic.id^; 
i.i5C(f on cyUniiric.itgrlnii- 
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Fig. 243. Principle of lapping niachino.s; 

(a) with two laps; (f;) with one lap; j— lower lap; 2 — workpiece; 3— upper lap; 4 — retainer (work 
holder): 3— crank disk (with adjustable crankpin radius); c— connecting rod; 7— rocker arm 


is imparled on the surface of the rotating lap by moans of a driving member 
(Fig. 243t). 

The combined hydraulic circuit and gearing diagram of the model 3B816 
general-purpose lapping machine is shown in Fig. 244. 

The lower lap 70 is powered from a two-speed motor through a V-belt 

3 

drive with change pulleys (shaft 7) and worm gearing ^ . Rotation of the 

second lap 11 is transmitted from shaft I through a second worm gearing 

unit , and spur gearing to shaft IV. From here it can be transmitted further 

by sliding gear 337’ to shaft V and a V-belt drive to spindle VI of upper 
lap 77. Sliding gear 33r has four different positions on shaft V. In posi- 
tion f7, the upper lap rotates in the same direction as the lower lap but at 
a speed 10 per cent slower. When gear 337’ meshes with gear 417’ (position c) 
the upper lap rotates in the opposite direction from lower lap 10 and at 
a speed higher by 10 per cent. The intermediate position h of gear 337’ is 
used when a free upper lap is required. To operate with a stationary upper 
lap, gear 337’ is meslied with a stationary rack (position d). 

In lapping flat surfaces, the retainer with the workpieces has a positive 
drive from a separate motor (1 kW, 930 rpm) through an infinitely variable 




Filj 2\l. CoinMnod li^drniiUc circuit ond {^carlns; dlasram of llio model 3nS10 lapping macliino 
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transmission (V-hcIt variable-speed drive), worm gearing gg and llie eccentric 

pin (crankpin) 5. . . • v 

The lapping disks are trued by fine-gram grinding wlieels driven from 

a separate motor (0.27 kW, 2,880 rpm). 

Tlie lapping machine operates on the following cycle. When the 
OVERARM UNGLAMP push button is pressed, solenoid Sds of valve Fj 
is energized. Oil is delivered by pump P through check valve 5 and 
the left position of valve Fj to the lower end of overarm clamping cylin- 
der S. This releases (unclamps) the overarm. The upper lap, together with 
I he overarm, can be swung to one side to load workpieces into the retainer. 
After this, the overarm is returned to the working position and the SPINDLE 
DOWN push hutton is pressed. At this, solenoid Sd^ is de-energized and 
the overarm is rcclamped. At the same time, solenoid Sd, of pilot valve F 2 
is energized, siiifting the valve spool to the right. Tliis shifts the spool of 
valve F 3 to the right position. 

Oil passes llirougli the right position of valve F 3 and cushioning valve 1 
to the upper end of hydraulic cylinder 4 and simultaneously through check 
valve 7 to the lower end of the same cylinder. Since the upper end of the 
cylinder has a larger effective area, the resultant force acting on the piston 
is directed downward. The piston begins to travel downward forcing the 
oil from the lower end through valve F/, and into the upper end of the cylin- 
der. Under the action of the oil forced out of the cylinder, the spool of valve 
F 4 is shifted to the right position, thereby connecting pressure switch PS 
with the tank. The spool of valve F 4 is held in its right position as long as 
tiie piston of cylinder 4 continues to travel downward. As soon as the piston 
with the upper lap stops, after reaching the workpieces, the flow of oil 
between the cylinder ends ceases. Then the spool of valve F 4 is shifted to the 
left by spring action and connects pressure switch PS to the oil under pres- 
sure. The switch transmits commands to start lap and retainer rotation. It 
also energizo.s solenoid Sd^ of valve F 5 and de-energizes solenoid Sdi. As 
a result, the upper end of hydraulic cylinder 4 is connected to the tank and 
tile pressure in its lower end will bo determined by the setting of valve 6 
which was previously closed. Thus the upper lap is suspended and floats 
on tile work wiiile the laps accelerate until they reach the working speed. 
At tile end of liiis acceleration, solenoid Sd^ is energized and solenoid Sdz 
is de-energized. Tiion lapping begins at the required working pre.ssure and 
continues for a period of time delorminod by a time-delay relay. After this, 

sparking out occurs (lapping at reduced pressure duo to the de-energization 
of solenoid Sd^ and energization of Sd-^ for a period tliat is also determined 
liy a time-delay relay. 

At the end of the “sparking out*’ period, the laps and retainer slop rotat- 
ing. At the same time, solenoid Sd 2 is do-onergizod and valve 6 is closed 
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so that the pressure increases in the lo\^c^ end of cylinder 4 and the upper 
lap is raised. Oil from the upper end of cylinder 4 drains through the left 
position of valve ^3 to the tank (since solenoid iSd, is dc-cncrgized). 

Valve 8 protects the system against overloads; valve 2 regulates the lapping 
pressure. Valve Vt switches in the pressure gauge. 


12-4. Superfinishing Machines 

Superfinishing is used to obtain a surface of the highest class of finish. 
This process is similar to honing with small allowances but diflers in the 
largo number of different tool (abrasive stones and ^\heels) and work motions 
involved (sometimes up to 12); the lower cutting speeds at lower pressure 
of the stones on the work surface (usually 0.5 to 4 kg per sq cm) and the 
negligible increase in temperature of the surface layers of the work. 

A notable feature of superfmishing is the sharp reduction in metal removal 
after the ridges and peaks produced by previous machining have been re- 
moved. At the beginning of the process, even a low pressure issuificionl 
ture the oil film duo to tho sharp peaks of tlic surface irregularities. Vhen 
the contact area is increased in tho course of operation, and a smooth enough 
area has been developed on the metal surface, the pressure proves nsutfic eul 
to rupture the oil film and tho viscosity of the oil 
o! the stone. At this point metal removal ceases and indefinilel> con 
tinned action will not remove even a minute amount of additional 

"superfinishins allowances range from 0.002 to “ mm„ Surfaces th^ 
are to bo supcrrinished must be previously machined 

of surface finish. Superrmisbiug can vlindrical sSes 

cylindrical, tapered. Oat and spherical surfaces. 

can be superfinislied by ?‘“”'t,'oscnlalinB and rotating a), out 

finished by ahaIlyoscill.ating ana ^ 

mg workpiece (Fig. 2 15'> to tho work which is lield on 

wheel or side o! a straight ,i,„ ,vork relate and, at tho 

a table. Both the wheel ““f 'V aves that do not 

same time, describe a circular (plane . 

coincido with their a.vos '„j'^i„"supernni.liiiig. tlio most typical 

Of the great variety of 1'“"°”-.,^ “ ((.Jt is perpendicular, as a rule, 

is the oscillating movement m „,!cratioi,s 

to tho scratches produced h> P". t „5 the large v.vriety of shapes 

The many different working -"“''“'('‘Xrfm = ling macliiuos vvith diPer- 
handled liave led to tlie development ol supernni.i g 
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Fig. 245. Motions of the tool and work in superfinishing 


ent construction arrangements. Most models are intended for accommodat- 
ing workpieces of a definite kind (see Table 37). 

General-purpose superfinishing machines for round work are usually 
based on a definite model of a cylindrical grinder having one Or two stone- 
holders (heads) with oscillating abrasive stones. The traverse motion is 
obtained by longitudinal travel of the work table. 

In superfinishing machines designed for small-size parts, the traverse 
motion is accomplished by the stone-holders simultaneously with the oscil- 
lating motion. 

The longitudinal motion (traverse) in superfinishing machines is usually 
powered by^ a hydraulic drive similar to that of a cylindrical grinder (see 
I'ig. 219). The oscillating motion of the heads is frequently obtained by an 
eccentric cam driven by a separate motor, but pneumatic or hydraulic 
drives can bo used for this purpose as well. 




CHAPTER 13 

GEAR-CUTTING MACHINES 


13-1. Gear-Cutting Methods 

The two principal methods employed at present in the manufacture of 
toothed gears arc: form cutting and generating. 

Form-cutting process. This metliod makes use of a cutting tool whoso 
cutting edges have been formed to the shape of the tooth space to ho cut. 
E-tamples of such tools are gear-tooth milling cutters of tbo disk or end-mill 
type (Fig. 246a and i) and form tools (Fig. 246c). 

If a single tool is employed, the cutting of the spaces alternates with 
inde.xfng, f.e., turning the blank to (he no.vt tooth space or ^ revolution^ 
w'horo s is the number of teeth on tbo gear being cut. The production capacity 
of this method is low since each tooth space is machined separately, and 
time is lost in returning tho tool to its initial position and in indexing the 
gear blank. 

Moreover, since the tooth profile depends upon tho module, pressure angle 
and number of teeth, it is theoretically necessary to ha\e a tool with a special 
profile (milling cutter or form tool) for each gear with a difTorent number 
of teeth or modulo. In actual practice. howe\cr, sets of gear-tooth milling 
cutters are used (8 cutters per set or, for more accurate gears, 15 and, less 
frequently, 26 cutters) for each module of gear. Fach culler in the set is 
designed for cutting a limited range of nunshers of teeth. Gears cut hy this 
method arc not very accurate since, in addition to llip errors associated with 
inaccurate operation of the indCAing mechanism, there are inevitable errore 
inherent in the cutting tool. In consequence, this gear-making method is 
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Fig. 247. Principle of the multiple- 
tool shaping cutter head: 

gear 'blanU; 2 — form tools; 3 — body 
of the head 


Fig. 248, Generation of involute 
profiles: 

3— gear blank; 2 — cutting tool 


resorted to in regular production only if a gear-cutting machine is not 
available. It is used, however, in repairs, in making single gears, in sorne 
cases for cutting herringbone gears, and in roughing the tooth spaces (in 
roughing operations). 

In mass production the form-cutting principle is applied in the multiple- 
tool shaping cutter head (Fig. 247) used to cut all the tooth spaces of a gear 
at the same time. This cutter head has as many radially arranged form tools 
as there are spaces (or teeth) on the gear being cut. The profile of the tools 
is exactly of the some shape as the gear-tooth spaces. During each full stroke 
(cutting and return) of the cutter or gear blank (in a direction perpendicular 
to the plane of the drawing) each tool is fed radially toward the blank, by an 
amount equal to the infeed, prior to each cutting stroke. All the tools are 
simultaneously retracted from the work on the return stroke to avoid rubbing 
of the tool clearance surfaces against the machined surfaces. All the tooth 
spaces are cut simultaneously, and the gear is finished when the tools reach 
their lull depth of cut. 

The production capacity of this gear-cutting method is very high and 
the accuracy of the cut gears depends only upon the accuracy of the cutter 
head which may be sufficiently high. Drawbacks of this method are the 
comparatively complex manufacture of the cutter heads and the necessity 
of having a separate head for each size of gear. 

Another high-production form-cutting process used in gear making is 
broaching which is economically justified only in the mass production of 
identical gears. Broaching produces highly accurate gears with an excellent 
surface finish. 

The generating process. This method is based upon the meshing of the 
cutler with the gear being produced to develop the tooth by the relative 
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lolhng motion of the cutler and the noth. For tJiJ« piirpcjo the culler is 
shaped like a gear, gear rack or norm, i.e., a part ^^hicI^ could me-h \\ith 
Ibo gear being cut, or tlie tool is made so that its culling edges descril e jn 
space the surfaces of the tooth profiles of a ccriain imaginary gear or rack, 
kno\^n as the generating gear or rack. In this meshing aclion of the nork and 
tool, to nijich an additional cutting motion is imparted, the cutting edges 
of (he tool, gradually rcmoNing maUrial from the tooth spaces, shape the 
gear teeth to profiles (bat arc (he en\e]opo of the conscculi^o positions of the 
cutting edges of the tool (Fig. 24S). 

Though the generating method cannot compare in output uith form cut- 
ting, as Used in the multiple-tool shaping culler heads or in Iroaching, 
it 15 much more tIn^^crsaI. A tool of a certain module, operating ly the 
generating principle, can cut gears rvilh any numlcr of teeth of the same 
module, including modified gears. 


t3-2> Gear-Cnttlng Machine Classification 

Gear-cutting machines can bo classified according to the follo’t'ing fea- 
tuies: 

(1) The type of machining and tool used: into gear liohLer.s gear shaper.*, 
gear planers, gear-broaching machines, gear-shaving machines, gear grind- 
ers, gear lappcrs, gear-tooth honors, and gear-tooth rounding machines. 

(2) Purpose', into machines for cutting spur and helical gears, otm' rv heels, 
herringbone gears, gear racks, straight fcc\cl gears, and cur\cd-looth l:e\el 

finish of the machined tooth surfaces: into machines for roughing 
the teeth, for finishing the teeth, and for microfinishing the acliio surfaces 
of the teeth. 


13-3, Cear^Hobblng Machlres 

Sfmioutomatic gear-hobbin/^ mac/urres are the most commonlj' used ma- 
chines in gear manufacture. This is due mainly to their ccmparalncly high 
production capacity, versatility and sufficientlj high accuraej. 

Fieure 24D illustrate, a universal stroiavUeTOtie cear hubter. Gear liub- 
lers can cut external spur and hclital Rears, as uel as norm "lirels. Cer- 
tain moilels permit tlic cuttins ol spline shafts, ns noil as olher part. f P 

projections, Recesses or flats of identical share, equally spar^ aUul the 
ueriohfvTv ot 1 h^ nart at the same distance from the centre (rig -vU^ 

G?ar hohLrs cl sufficientb large sire Tl.fs 

requires a spccialj attachment operating hi* the rorm-cutlirg ircthcd ard 
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Fig. 252. Basic hoL-food directions: 

(a) oiUlinR n worm wliool witli radial infeed of the hob; (6) cuttinEr a worm wheel wlUi tangential feed 
of the hob; (c) cutting a spur gear witli nxi.al feed; (d) cutting a helical gear wlUi axial feed 


Goar bobbers opcralo on Ibe generating principle. Tbe rotary motions 
imparled to tbe gear blank and cutting tool (bob) are tbo same as tboso 
of tbo ^Yorm wbeel and worm in worm gearing. Tbe gear blank is rigidly 
attacked to tbo index worm wbeol wbicb is driven by tbo index worm. Tbo 
latter is linked kinematically to tbo bob by moans of ebange gears. Tbe re- 
quired ratio of bob and blank speeds is established by tbe ebange gears in suck 
a manner that during one revolution of tbe bob tbe blank turns tbrougb as 
many tcotb as there are starts (threads) on tbe bob, i.e., tbe blank must 

make ~ revolutions per revolution of the bob, whore k is tbo number of 

starts on tbe bob and z is tbo number of teeth on tbo gear being cut. In addi- 
tion to the continuous indexing motion, it is necessary to obtain on tbe 
machino tbo primary cutting motion, food motion and motions for tenta- 
tively sotting tbo tool and blank in tbo initial working positions. Consequently, 
the actual gear train of a gear bobber includes mechanisms wbicb determine 
tbo kinematic features of the various models of gear bobbers (for a more 
detailed discussion see Vol. 2, Part Three, Sec. 5-3). 

In cutting worm wheels tbo axis of tbo bob is set perpendicular to tbo 
axis of rotation of tbo blank (Fig. 251). Tbo following principal motions are 
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required for Itiis operation (Fig. 252): principal rotary cutting motion p 
of the hob, rotary.motion V(g of the gear biaok (con!inuou 5 indexing motion), 
and feed motion which can be either radial infeed S/ (Fig. 252fl) or tangential 
feed St (Fig. 2526). Radial infeed ceases \slien the full depth of cut is 
reached. If tangential feed is employed, the hob is set at the beginning 
to the full depth of cut and it feeds into the blank by an axial feed 
motion. 

The radial infeed method has a higher production capacity. However, 
a comparativelj’ few hob teeth cut each tooth on the gear, producing more 
or less visible flats that reduce the tooth profile accuracy- Furthermore, in 
radial infeed only a small part of the hob length is actually doing the cut- 
ting. As a result, the hob wears nonuniformly. This also lias an unfavourable 
effect on the tooth profile accuracy. 

If multiple-start hobs are employed, or if high gear accuracy is required, 
the tangential feed method is used. It can be used, however, only when 
a special hob slide is available to transmit power axial travel to the hob. 
Single-tooth fly-cutting bobs (Fig. 253a), or tapered hobs (Fig. 2536), or 
cylindrical hobs with a tapered entering end arc used in Ivingcntial feed 
gear cutting 

Fly-cutting hobs (also called fly cutters) are i^'ed In piece production since 
they aro considerably cheaper than bobs. Cylindrical bobs wdlb a tapered 
entering end and tapered bobs wear uniformly since they cut along their 
full length. The high tooth profile accuracy attainable in tangential feed 
gear cutting is duo to tho large number of hob teeth that cut each tooth of 
the worm wheel. , , , » , t. 

To cut spur or helical gears tho hob is set so that tho threads of lhe,hob 
on the side facing the gear blank arc directed along the axes of the tooth 
spaces when spur gears are being cut (vertically in the most common type 
of gear bobber), and at the belix angle j6 of the teeth when helical gears ore 
being cut. This is done by setting tho hob axis, in tho first^casc, at an angle 



Fig. 253. Fly-culliDg-boha (a) aod lapcrrd hohs ID 
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a to the horizontal, equal to the helix angle of the hoh (Fig. 252c). In the' 
second case, the hob is set at an angle f = ^ ± a, where p is the helix angle 
of the helical gear being cut (Fig. 252(f). If the hand of the helical gear and 
that of the hob are different (one right-hand and the other left-hand), the 
plus sign should be used in the above equation; if the hand is the same, the 
minus sign should he used. 

The feed motion s in cutting spur and helical gears is the travel of the hob 
along the axis of the gear blank (Fig. 252). In cutting helical gears an incre- 
ment motion is imparted to the table with the gear blank, with an angular 
velocity that would provide one full additional revolution of the blank 
during vertical feed of the hob through a distance equal to the lead of the 
helical teeth on the gear. 

The principal dimensions of a gear bobber are the maximum diameter 
and module of gear that can be cut (Table 38). 

Depending upon the disposition of the blank axis, gear bobbers may he 
either vertical or horizontal models. 

Horizontal bobbers are intended] chieflj’’ for cutting pinion shafts (in 
which the gear is integral with its shaft) and spline shafts. The hob is set 
to the depth of cut and the feed in these machines is accomplished by motions 
of the cutter head. 

Vertical bobbers have either a moving work table or a moving hob slide 
stanchion. In the moving table models, the hob is set to the depth of cut 
and fed into the blank by travel of the table with the gear blank. In the 
moving stanchion models, positioning motions and radial infeed are accom- 
plished by travel of the stanchion with the hob slide and hob. 


1 3-4.j jSettingj jUp and| Holding 
the Gear Blanks In Bobbing 

The accuracy with which gear teeth are cut depends for the most part 
upon the accuracy with which the gear blank is set up in the machine. There- 
fore, the locating hole axis or shaft axis of the blank must coincide, and 
the locating face of the blank must be square, with the axis of rotation of the 
work table within specified tolerances when the blank is set up on the bobber 
table. 

In clamping the blanks, they must be supported as near as possible to the 
point of application of the cutting force. This provides for dependable clamp- 
ing, precluding all shifting of the blank under the action of the cutting 
force. 

The setting-up accuracy is checked with a dial indicator, the contact 
point of which is applied either to the mounting (locating) hole of the blank 
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or shaft journals, or to the outsido surface of the blank (to measure radial 
runout), as well as to the locating face of the blank. 

Radial runout of the gear blank may be duo to a lack of concentricity 
between the locating and outsido surfaces, or misalignment of the axis of 
the locating surface and the axis of table rotation. The first of these cases 
has no signiheant effect on tho accuracy of the gear being cut since (ho pitch 
circle will be concentric with the locating surface. 

Radial runout, due to misalignment of the axis of the locating surface 
and that of table rotation, should ho maintained at a minimum value and 
should not exceed the values listed in Table 39. 


TABLE 30 


Grade of 
accuracy | 
of gear , 

being 

cut accord- 1 
Inc to 
USSR 1 

Stu GOST 
l6i3.S6 1 

Maximum perml'^lbte radial runout, microns, In hotbing 
of diameter, mm 

a blank 

up to 200 

1 up to 800 1 

I 

up to 1.200 j 

vp to 2,000 

1 vp to i.OOO 

1 

mm 

20 

35 

50 

70 

too 


35 

C(i 

SO 

130 

200 


50 

80 

too 

150 

250 

■■ 

110 

ISO 

220 

300 

500 


Side runout of the gear blank, duo to inaccurate sotting up on (ho bobber 
table (misalignment of the work supports, dents on tho locating or seating 
surfaces, chips or dirt under the locating surlace ol the blank, rtr ), 's.hnuld 
not exceed the following permissible values (where f = pernii«^sil>lo radial 
runout of tho outside diameter, microns; Dro =» diameter of the circle on 
which tho side runout is checked, mm; and b *= face width of llio gear, mm): 


Grade of accuracy of 
gear being cut eecord- 
Inc to USSR 

Sfd oOST 16<3-56 

I ^ 

j 1 


> 

IVrnii5S‘I)le side runout 

Pro 

0 15 

0 2/ 




Tho method used to hold iho blank depend^ up.-n the -ize. constructics 
■and required accuracy of the gear to bo cut Figure J-i illustrates typiw- 
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Fig. 254. Methods of bolding the gear blanks in bobbing machines 


niclhods of holding gear blanks in bobbing machines. Small gear blanks I 
will) a locating hole can be held either separately (Fig. 254fl) or in a stack 
(Fig. 254Z>) on a rigid arbor, or mandrel, 2, which may have a pilot at the 
upper end that is supported in the bushing of the work-support arm. Large 
and medium-size gears 1 are held on cast-iron supports 2 in the form of feet 
or rings (Fig. 254c and d). If pinion sliafts 1 are cut in the horizontal type 
of bobber, one end of blank 1 is secured in fixture 2 (Fig. 254e) and the other 
is supported in bushing 3 of the support bracket. The blank is rotated by 
faceplate 4 through the body of the fixture and detachable driving dog d- 


13-5. Gear Shapers 

Semiautomatic and automatic gear shapers cut external and internal 
spur and helical gears, cluster gears, flanged gears, toothed clutches, gear 
racks, ratchet wlieels, cams, etc. 

In this general typo of gear-cutting machines, the cutting tool resembles 
cither a gear rack and is called a rack-type cutter (Fig. 255o), or a gear, in 
which case it is called a rotary gear shaper cutter (Fig. 255b). Gear shapers 
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Fig. 255. Cutting gear wctft. 

(a) with a rack-type cutter; (6) with a rotary crar shaper cutter 


using a rotary cutter have found much wider application because they have- 
a higher output (the cutting process is not interrupted to indc-x the blank) 
and can perform all the operations done in hobbers, c.xcept for cutting worm 
wheels. They can additionally cut internal gears by the generating principle. 
The output of gear shapers is less than that of Jiobbers. They are indispen* 
sable, however, for such jobs as cutting internal gears of practically any 
diameter, as well as cluster gears in which the distance between the gear 
rims is not sufficient for the required o\ertravcl of a hob. 

A gear shaper (operating witli the rotary-type culler) has the following 
principal motions (Fig. 256). A. Straight-line primary cutting motion iv 
accomplished by travel of the culler only in one direction (cutting stroke) 
and return of the cutter to the initial position v, (return stroke). B. Contin- 
uous rotation of the shaper cutter (n,) and of the gear blank (i-';) to obtain 
the circular feed (inde.xing motion). The speeds of cutler and blank rotation 
aro co-ordinated by moans of change gears in such a m.anner that in uno 

revolution of the cutter the blank makes ^ revolutions, here 2 = = number 

of teeth on the cutter and r = number of teeth on the gear to be cut. C. Feed- 
in motion s,i (radial or circular infeed) of Iho cutler is obtained by travel 
of the cutter axis in a direction toward the blank axis with reciprocation 
of the cutter and circular feed. When the culler has fed in to the required 
depth, i.e., to the whole depth of the teeth, the fecd-in motion ceases auto- 
matically while the circular feed and the cutting motion continue until 
the gear blank makes one full revolution- Thi.«= cuts all the teeth and the 
machine is automatically stopped. A gear can be cut in one. two or three 
passes. D. Withdrawal of the table with the blauk fr-.m ihe cutter, or the 
cutter from the blank takes place during each rvturn stroke Its purpose 
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Fig. 256. Principle of the gear shaper: 
1 — saddle; 2 — rail; 3 — table 


is to prevent rubbing and consequent intensive wear of the cutting edges 
and damage to the tooth profiles of the gear being cut. 

In the medium-size gear- shapers, the table vuth the blank is withdravn 
from the cutter during the return stroke (Table 40). The withdrawing motion 
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is imparted to the ram with the cutler in the heavier machines (models 5140B, 

51315011, etc.). . , . „ 

Goar shapers are available with either vertical or horizontal spindles. 
The horizontal spindle shapers usually operate with two rotary shaping 
cutters travelling toward each other. They can he employed for external 
and internal spur and helical gears, as well as continuous-teeth herringbone 
gears (without a clearance gap). 

The vortical type of gear shaper is more widely used. In addition to the 
machines using a rotary gear shaping cutter, operating on the generating 
principle, models are available which operate by the form-cutting process 
and use a multiple-tool shaping cutter head (see Fig. 247). 

The output of this last typo of gear-cutting machine is 8- to 10-fold that 
of ordinary gear shapers, and more than 4-fold the output of gear-hobbing 
machines. The most serious drawback of these machines is that a special 
complex culter head must he available for each size of gear to be made (each 
module and number of teeth). 

The kinematic chains of gear shapers is taken up in detail in Part Three, 
Vol. 2, Sec. 5-4. 


13-6. Bevel Gear Generators 

Bevel gears can bo cut, as mentioned previously (see Sec. 8-3), in univer- 
sal milling machines or shapers. However, the accuracy of bevel gears, cut 
by Ibis method, is so low that such methods and macliines can be employed 
only in exlrcmo cases when no special gear-cutting machines for bevel gears 
are available. Moreover, the output of millers and shapers is very low when 
they arc used for cutting bevel gears. 

At the present time, bevel gears are manufactured both by the form cut- 
ting and generating processes. The form-cutting principle is used in cutting 
largo bevel gears up to 5,000 mm in diameter and with a modulo up to 80 mm 
(Table 41) with a single tool or with two tools which operate to a template. 

The generating principle is based on reproducing the sides of the teeth 
on an imaginary crown gear in space by moans of the cutting edges of rotat- 
ing cutters or reciprocating tools (Fig. 257). The profiles of the straight 
cutting edges coincide with the opposing sides of two teeth of the imaginary 
crown, or generating, gear with wliicli the gear being cut is in mcsli. The 
primary cutting motion, cither rotation or reciprocation, is transmitted 
to these cutting edges. Motion of the first typo (rotation) is accomplished 
in straight bevel gear generators designed for cutting bevel gears with a short 
face width. Those generators use rotating circular cutlers operating by the 
generating principle (for example, model 5230, see Table 41). 
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Fig. 257. Tools with 
straight cutting edges 
that form one tooth space 
of the imaginary crown 
gear 

7— bfvrl (rear blank. ?— im- 
aclnary crown (rear, j— tool* 



Fig 258. Generating 
a straight hovel gear 
^ilh rotating circular 
cutters 


The rotating cutters (Fig. 258) rovohe about tlicir a.'tes to provide Iho 
cutting action (/ij and tu), travel in planes passing througli tJie sides of tho 
teeth on the imaginary crown gear to shape tho teeth along their length, 
anti at tho same time they participate in tho relative rolling motion between 
tho cutters and blank to obtain the required tooth profile (rj and r-). 

Straight-lino cutting is made use of in the straight bevel gear! generators 
that have two reciprocating tools which shape the profiles of the teeth being 
cut. In a machine of tins type, gear blank / (Fig. 259) is rotated (/if rpm). 
Also rotated is cradle 2 («» rpm) with tbo reciprocating tools which repre- 
sent kincnialicall 3 ' the adjacent sides of a toolli in an imaginary crown 
ffoar. 

Tool slitles J with tools 4 reciprocate (r) along ways arranged on the face 
of oradlo 2. The tools cut in their motion toward the apc.v of tho gear pitch 
cone. The tools do not cut on the return stroke, when Ihov’ are witlidrawn 
from tho blank to avoid damaging (he machined .'surfaces of the teeth 

Figure 260 shows tho successive positions of tho tools and gear blank 
during generation. At the beginning of the tooth cutting procc.<s. the tool 
for inacliining one of the side surfaces of the teeth slarl.« to cut into the blank 
(Fig. 200, positions / and 2). Then the second tool, designed to «liape the 
other side surfaces of tho teeth. Iiegins to cut the gear (Fig 2G0. pn«iiion'» 3 
and ^/). At this point, the first tooth lias boon completely generated. Upon 
further rotation (roll) of tlie cradle the tools run out of mesh with the gear 
blank, since the two tools represent only one tooili space of the imaginary 
crown gear. Therefore, when tho tooth has been shaped, both blank and 
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Spiral hovel gear gcii- 5T23A 125 2 '53 to 540 O.S 3,000 Operalo Nvilh face-mill 

orators 5T24A 250 (5 200 to 500 3.5 5,000 typo cutlers 

527B 500 10 25 to 325 4.5 10,500 

52Sn 800 15 21 to 300 10 14,000 





















Fig. 250. Principle of (he straight hovel gear genontor 
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Fig, 2G0, Successive positions of the tool ond the goar Llnnk In generating a si 
bevel gear 



Fig. 2C<{. Cuned-tooth bevel gear f-ciog cat cn a ccniralmc tyre maehr.c 
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Fig. 2G2. Arrangements of the gear blank and the face-mill type cutter in relation to the 

cradle axis 


cradle are reversed. At the end of this reverse rotation, the blank is indexed 
to the next tooth (Fig. 260, positions 5 and 6). This procedure is repeated 
for each tooth of the gear in the same sequence. The two tools are not subject- 
ed to the same load in operation since one of them cuts into the blank for 
each tootli and wears faster than the other tool. To eliminate the effect 
of tlvis nonuniforra wear on the profile accuracy, the teeth are finish cut 
after roughing the tooth spaces. Most of the stock is removed in the roughing 
operation. 

Roughing is done either with single indexing in which tooth spaces are 
cut in succession, or by continuous indexing to every other tooth. In the 
latter case, both tools operate under identical conditions. 

Curved-tooth bevel gears of the spiral bevel, zerol and hypoid types are 
cut in machines using the face-mill type of cutters and operating on the 
generating principle (model 5T23A and others). In the cutting process, 
the gear being cut meshes with an imaginary crown, or generating, gear 
of which the active surface of the rotating cutter represents one tooth. The 
tooth form is obtained as a result of a relative rolling motion between the 
cutter and the blank. 

Spiral hovel gear generators have the following principal motions 
(Fig. 261): (a) primary cutting motion due to independent rotation of cut- 
ter / (n, rpm); (b) roll motion consisting of rotation Wj of cradle 3 with the 
iin:iginary crown gear and rotation O) of gear blank 2 which is co-ordinated 
with cradle roll through change gears (not shown in the diagram); (c) with- 
drawal of the blank from the culler after cutting each tooth; and (d) indexing 
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motion winch is transmitlcfi to tlio blank when the cradle returns to its 
zniliai position after cutting each tooth. 

Curvoil-tooth hovel gears may bo cut either with the aid of a crown cMr, 
"lleo* to the millf ari* as in 

l ig. ..bJa (modol 5T23A), or with a hovel ^enoraiinff jjear (Fijj. 2G2M. 
In Ihe latter case, the blank and the cutter can bo sivivolJcd throuph an 
snsles in reference to the piano of rotation of the cradle (this nrincipto 
is applied, for example, in model 527IJ)- 
Tho kinematic principles involved in cutting bo\cl gears and the gearing 
diagrams of tlie machines used for this purpose will bo considered in Part 
Tiirco, Vol. 2, Sec. 5-6. 


13-7. Gear-Finishing Machines 

In the great majority of cases, the teeth of machined gears undergo a fin- 
ishing operation since after cutting the gear the surface finish on the tooth 
profiles or the meshing errors do not comply with the requirements specified 
for the gears. Gear-finishing methods include: burnishing, .'having, lapping, 
grinding and honing. 

Gfsr ifumishiftg. As tho result of phsttc iloformothn ot the surface layer 
of metal, the side surfaces of tho teeth of unhardoned gears ore compre«pd 
by burnishing. This operation consists essentially in rolling the work gear 
witli one or several burnishing gears whose tretli are very Jiard, smooth and 
accurate. The latter gears are driven by a motor. The required load Is applied 
by a weight or by means of electric, pncum.nlic or hydraulic device.'. 

The capacity of a gear-burnishing machine i.' specified by Ibe ma.timum 
diameter of gear it accommodates. Tho c.ap.icily ol gear-burni.'liing ma- 
chines produced in tho Soviet Union ranges from 124> to 5,000 mm (Tal>- 
lo 42). 

Gear shaving is based on tho cutting of fine cliips from 0.005 to O.l mm 
thick from the gear-tooth profiles hy the cutting edges of the tool during 
the relative sliding motion of tho tooth profile' on the me«hing work gear 
and tool. Tho latter is called thp gear-shaving cutter. The forms ot the cutler 
correspond to tho tuo molbod.s of shaving, rotary and linear (rack). The 
rotary method employs a gcarliko cutter, tho rack method use' a cutting tool 
having tho shapo of a rack ami is employed to a lessor extent than the f/rsl 
method. The cutter teeth are serrated to form a series of cutting edges (Fig. 
2G3). To obtain tho relative sliding action hetueen the tooth profiles, the 
work gear and tho shaving cutter aro set up in the gcar-'fiaMng machine 
with eroded avo' in the form of spiral ge.iring. Tlie mo-t elficienl angles 
botueen tho axes aro between 10’ .-^nd 15*’. The lea'l permi"iblp angle is .> 
which is used in shaving gears having a flange or shoulder that interferes 
with tho cutter at a Kirger angle. 
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TABEE 42 


Miulcl 

Moxiiniiin 
(liatnctcr 
of acar 
aarnlKliftd, 
mm 

Spcfid of 
rotallaii, rpm 

Powar of 
drive motor, 
l:W 

Net welcht, 
lit; approx. 

noraark.; 

oA720 

J2.7 

850 lo 10,000 

1 

■1,100 

Universal 

.'.722 

250 

m to 4,000 

1.7-3 

2,000 


.7 A 72.7 

500 

(525 to 1,250 

2/3 

3,100 


.717721) 

800 

2:50 lo 1,2.50 

5/7 

4,400 


.7727 

1 ,000 

180 lo 810 

G..5/10 

7,. 500 


.7728 

.'5,200 

00 lo 000 

10 

22,000 


(772!)) 

5,000 

20 to 200 

40 

40,000 


.71572.7 

500 

400 to 4,000 

7 

3,000 

For lie VO I gears 


i 




with a 90^ .shaft 
angle 


Tliu lootii profile of tlio work gear is sized at the crossed-axes pivot point 
which is on the lino of tho sliortest distance between the cutter and gear 
axes. It is necessary to reciprocate tho work gear or the cutler in order to 
rnovo the pivot point from one end of tho gear face to tho other so that the 
whole faco width is machined. There are several methods of moving tho 
pivot point of tho shaving cutter across the work gear in rotary crossed-axes 
shaving: axial traverse, angular traverse, right-angle traverse and modified 

tangential shaving. Angular traverse sha- 
ving and right-angle traverse shaving 
were formerly called diagonal and tangen- 
tial shaving, respectively. 

In axial traverse shaving (Fig. 2G4fl) 
tho work gear is reciprocated at the rate 
of traverse .9, in mesh with the cutter, 
along a path parallel to the work-gear 
axis. Tho length of tho stroke is 
tlieorotically equal to tho faco width of 
tho gear. In this case, the pivot point 
remains stationary in reference to the 
cutter and thus generation is performed 
hy tho same cutting edges passing 
through tho pivot point or, more 



fig, 2G.k loolh of a ijoar-sliaving 
c'lillor 
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Fig 2C4. MelhoJa of rolarj- cro'-^d-ax»'« 

(fl) fliJaJ (b) on^iar trayen^. W <J) U'T7<-ntJjf 


exactly, through the area of contact. This loads to ronmiiform near of the 
cutting edges. 

In angular traverse shavingat the rate ^ (Fig. 2QM). the required strohe A. 
is shorter since the ^\ork is fed at an angle re)ati\c to it.® a.\i«. Moreoser. the 
pivot point, or point of intersection. x\here cutting action occurs, inove< 
progressively across the face of the cutter on c\ery .«troke. Thus near is di- 
stributed over the entire cutter face, and cutter life is increased. 

In right-angle traverse shaving (Fig 2We). the cutter i«i reciprocated at tlie 
rate s acro.ss tlio axis of the work gear at 00^ The required stroke A, i*. e\en 
less than in the angular iraxerse melhod and cutter wear is uniform over 
all the cutting edges. 

What wo have called modified tangential shaving (Fig. 2 Wd) differs from 
the right-angle traverse method in that reciprocation at the rale s i's perpen- 
dicular to the cutter a.xis and not to the work-gear axis. The required stro- 
ke A 4 is the shortest in this case. 

TIjo surface finisli of teeth shaved by the right-angle traverse and modified 
tangential methods is improved, the friction forces are stahilizrd in the 
shaving process and the process is inten<ified by imparting an <»5Cill.itor>- 
motion with a frequency of 20 to iOO cps, in the plane of cutting, to either 
the work gear or the cutter. This oscillatorj motion in the culling plane 
when applied in modified tangential shaving, improvi"? cutting conditi.T.- 
and allows the work to he shaved in a single pa'-s with no adver-o pfTeri 
on tho surface fmisli This mean« that the machining lime can he re.liM-.i 
to Vg or Vto of that required in axial traverse shaving 
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TABLE 43 


Model 

M.TXimum 
dinmeter | 
of gear 
sliavcd, 
mm 

Maximum 

module 

shaved, 

mm 

i 

Range of 
work speeds, 
rpm 

Power of 
drive 
motor, 
kW 

Net 

we i Kilt, 
kg 

appro-x. 

Remarks 







Operates by: 

5701 

125 

1.5 

80 to 500 

1.6 

1,500 

axial traverse 

5702A 

200 

G 

78 to 395 

2.8 

3,400 

axial, angular and 


riglit-anglc trav- 


erse 



320 

500 

G 

8 

80 to 315 
78 to 395 

3 

3.5 

3,000 

3,400 

axial and 
traverse 

angular 

(5717C-1) 

HI 

n 

50 to 320 

4.5 

10,000 

With horizontal work 

570G 



16 to 227 

13.5 

30,000 

gear and 

cutter 

5708 

wm 

H 

4.8 to 51 

14 

54,000 

axes 



The main dimensions of gear-shaving machines are the maximum di- 
ameter and module of gear shaved. Soviet machine tool plants manufacture 
gear shavers for gears up to 3,200 mm in diameter (Table 43). 

The model 5702 gear-shaving machine is illustrated in Fig. 265; its com- 
bined hydraulic circuit and gearing diagram is shown in Fig. 266. 

The shaving cutler has 10 steps of speed in the range from 49 to 389 rpm, 
obtained by change gears. The change gears in the a.xial traverse drive pro- 
vide for 13 rates of traverse in the range from 17.6 to 273 mm per min. 
Radial infeed is accomplished by vertical travel of the table knee. Shaving 
cutler rotation and axial traverse are powered from an electromechanical 
drive; radial infeed is hydraulically operated. 

The machine operates as follows. When the drive motor of pump P is 
switched on, solenoid Sd^ of A'alve F2 is energized and oil from the pump is 
delivered through filter i, reducing valve 2, valve Fo in its left-hand posi- 
tion and valve F, in its right-hand position to the rod end of the tailstock 
spindle cylinder. This retracts the tailstock spindle. After loading the next 
work gear, the spool of valve Fj is shifted by hand to the left position to ad- 
vance the tailstock spindle again. At the end of its travel this spindle ope- 
rates limit switch LS-^, which energizes solenoid Sd^ of valve F3 and de- 
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cnors'izes solenoid Sdj. tlirotiph a (tmo-dolay relay, rre^in" Ifie ST.\l\T 
push button switches on the drives ot the slinvintj cutter, table and coolant 
pump, and also energizes solenoid of ^aIvc I'j as ^\cll ns its time-deday 
relay. Oil from the pump passes through filter I and \alvp \\ in its left’* 
hand position. After shifting the piston of cylinder J to the riglit and turning 
the driving element of the pawl, thi** oil pa‘'‘*es llirougli chock valve ■/ into 
infood cylinder 3. This loads to rapid apprnacli of the table knee. After a pe- 
riod of time, equal to the time required for rapid approach of the knee and 
for one infeed motion, the lime-delay relay do-encrgizes solenoid 5'i,. Tfio 
action of a spring returns the piston of tlio cylinder to the initial po'*ilion. 
At the end of the tabic stroke in either direction, limit switch LS- rever- 
ses the cutter rotation and table traverse drives, and energize'? solenoid 
Sdi and its time-delay relay. Tiiis effects the infeed motion. At tlie begin- 
ning of the last sizing pass, limit .swUehes LSi and LS^ (in the rigbl-liand 
position of tlio table) switch off the drives of the cutter, talde and coolant 
pump, energize solenoid Sd^ of ^aI^e 1^4 and tle-energizo solenoid .9dj 

At tins, the table knee and the infeed cam return to their initial posi- 
tions. At the end of cam return, limit switch energires Sd-,. Now. when 
the spool of valve Vi is sliiftcd to the right, the tailslock .'pimlle i« retracted 
to allow the work to lie unloaded. 

Gear lapping is employed for finishing the profiles of bardonod gear teotli 
by an nbra.sivo action, running the work gear together with the lapping gear 
(the cutting tool) and using a fine abrasive powder In suspension in kero- 
sene or light oil. The lapping gear Is a preci«ely manufactured fine-gr,nin 
cast-iron gear. The relative motion in gear lapping i« the .«ame n« in gear 
shaving. Goar-lappmg machines differ from gear sliavers in that they do not 
lia\o an infeed drive, as a rule, since the lapping allowances are very small. 
The required pressure at the places of cont.acl between the work and lapping 
gears is obtained by the provision of a brake, usually hydraulic, in the 
Iioadstock of the goar-lapping m.achine This brake is a pump which is driven 
by the work gear arlior and is loaded by inean« of a throttle or o\ernow 
vaKe. 

Dimensions specifying the rapacity of gcar-lappiug machines are the ma.xi- 
inum diameter and module of gears lapped (or tlio contro-to-contre distan- 
ce for maclunes designed to Ia|> globoid worm gearing) Rotation is im- 
parled to the lapping gear in all gear-lapping machine*?, while tlie reetp- 
rocnling motion may be transmitted either to the work gear or the lapping 
gear (Tal)lo -Vi) 

Goars with a high degree of accuracy and with preci«=c nu-limg of the 
tooth profiles can bo produced by the lapping pr?K-e^s One drawback of ge.ar 
lapping is the comparatively low output 

Gear grinding i* an indispensable operation for chimnating the disifirlion 
of gear tooth profiles duo to be.it treatment It pr..iiurt- gear? of e•?j)OciaIIy 
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grinding machines produced in the USSR at the present time. The kinematic 
features of gear grinders are considered in Vol. 2. Part Three, Sec. 5-5. 

Gear-tooth honing is a now, highly productive procedure applied for fin- 
ishing gears following gear shaving and heat treatment. The process eliminates 
small defects of the surfaces of hardened teeth, removes scale, nicks and 
burrs, and substantially improves the finish of the tootli .surfaces (the height 
of surface irregularities is within 0.25 micron). The noise of gearing after 
heat treatment can bo considerably reduced by lioning. 

Gear-tooth hones, used in this proce<s, are e<«entinlly abrasive-impregnnl- 
od, plastic helical gear-shaped tools. The grain size of the ahra«ivo (40, 
GO or 80) is selected in accordance with Iho grade of steel of the work gear, 
and the hardness and rcciuircd finish of the tooth surfaces. 

The relative motions in gear-tooth honing are the same as in gear shaving. 
Gear-tooth honing machines are similar in construction to gear shavers and 
can operate cither willi a coiist.anl distance between the n-tps of the gear- 
tooth hone and work gear, or with a constant pressure between them (the 
spreading force is about 13 to 15 kg). 

Gear-tooth honing is carried out at a peripheral .speed of tlio hone twice 
that of a shaving cutter. The amount of ."lock removed from each tootli 
profile in honing does not exceed 10 microns. 

The teeth being honed may ho crowned or tapered providing tliat this 
shape has boon produced in the preceding shaving operation. 


13-8. Gear-Toolh Rounding, Chamfering 
and Deburring Machines 

Sliding gears that are shifted axially into engagement are made u«e of 
in gearboxes of various mechanisms and machines The ends of the teeth 
of sliding gears should ho rounded to facilitate .«:hifting them into mpsli. 



'tIJProv. 




T.irl)in« c.,,ri (pinl»n 5S5S 3,200 20 30 4.5 30,000 KTlr.i-lMgl, precision 

■' '** with two Mticor-shnpoil 
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Fig. 268. Shapes of the rounded tooth ends on sliding gears: 

(o) tapered; (6) barrel-shaped; (c), (d) and (c) concave, convex and partly pointed 



(c; 

Fig. 209. Methods of rounding ends of gear teeth with an end-mill type cutter whoso axis 
is in a plane parallel to the end face of the gear 

The rounding of the teeth of sliding gears, as well as tooth cliainfering 
and deburring, can be done by various methods: (a) with an end-mill type 
cutter whose axis of rotation is either parallel or perpendicular to the end 
face of the gear; (b) with bell-type formed cutters; (c) xvith a cutter head; 
(d) with a formed hob; (e) with an arbor-type formed cutter; and (f) with 
an abrasive tool. Applying these methods, the gear teeth are rounded to the 
shapes illustrated in Fig. 268, Barrel-shaped tooth ends (Fig, 268b) provide 
maximum service life of the sliding gears, in conjunction with easy and 
smooth engagement in shifting. This type of tooth rounding is produced 
with an end-mill type formed cutter having its axis parallel to the end face 
of the gear, or with an arbor-tj^pe formed cutter. 

The most extensively used machines of this type operate with continuous 
indexing and a synchronous reciprocating motion of an end-mill typo cutler 
along the axis of the work gear (Fig. 269c). The reciprocating motion i.s 


r-lool}i mtiiKliiit' iiiachitu 



S.IKX) aiul 
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Fig. 270. Rounding tlie tooth ends witli an arbor-type formed cutter 


effected by a template. Soviet models 5H580, 5582 and 5584 (Table 46) 
are designed along these lines. In some models the work gear reciprocates 
a.xialiy (Fig. 2695) instead of the cutter, while in others the work gear in- 
dexes periodically from tooth to tooth, and the cutter rotates and oscillates 
around the end of the tooth (Fig. 269c). The gear is indexed in the latter 
type of machine with the work table withdrawn. 

Tooth rounding with an end-mill type cutter has the following drawbacks: 
(a) low tool life and high labour input in manufacturing and sharpening 
cutters with a concave profile; (b) the formation of ncodlelike chips, difficult 
to dispose of and hazardous to the operator’s hands; and (c) low production 
capacity. 

A now method of producing barrel-shaped tooth ends with an arbor- 
type formed cutter was developed in ENIMS (Experimental Research Insti- 
tute for Metal-Cutting Machine Tools). The output of this method is 3- to 
C-fold that of the methods in Avhich an end-mill type cutter is used and a 
fine surface finish is obtained. Furthermore, due to the changes in the shape 
of the cutting tool and in the cutting process, the formation of needlelike 
chips is excluded. In the new method, the cutter axis is in a plane parallel 
to the end face of the gear and perpendicular to a radial plane. 

The machining cycle for each tooth comprises the following motions: 
(1) feod-in of the cutter on the end face of the gear to the full depth to bo 
rounded (section a in Fig. 270); (2) milling the end surface along the height 
of the tooth with the radius r, accomplished by motion of the cutter axis 
along arc 5; (3) rapid withdrawal of the cutter from the work gear (section c); 
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and (4) return of the cutter along arc d'io the initial position with simulta- 
neous indexing of the gear to the next tooth. 

The semiautomatic gear-tooth rounding machine, model 5B580, shoAvn 
in Fig. 271, operates Avith such a cycle. Milling head 2 travels along the 
horizontal V-Avays of bed 1. Mounted in the milling head are cutter spindle 3 
Avith the mechanism for changing the cutter speeds, as Avell as a system of 
leA^ers and cams that proAude the required path of cutter travel along the 
height of the tooth of the Avork gear and the indexing mechanism Avhich 
indexes the work gear from tooth to tooth. 

Abrasive machining methods liaAm been finding AAude application recently 
for gear-tooth chamfering and debarring. The cutting tools used in this case 
are either Avorm-type grinding Avheels or composite Avheels made of sheets 
of ahrasiA^e cloth. A helical groove of a pitch equal to that of the gear being 
debarred, or annular grooA’’es Avith the same pitch are provided on the pe- 
riphery of the composite Avheel. 

In the machines using a worm-type Avheel, the A\mrk gear is driven by tlie 
Avheel and is mounted on a spindle Avhich is not linked kinematically Avith 
the main drive. 

Gear-tooth dehurring machines Avith an abrasive cloth AA^heel may have 
either co-ordinated Avork gear and Aidieel rotation, i.e.. the gear turns through 
one tooth upon each revolution of the wheel (if the Avheel has a helical groove 
on its peripliery), or independent rotation (if the wheel has annular grooves). 
In the latter case, a reciprocating motion is imparted to the Avheel in addi- 
tion to rotation to Avithdraiv it from the gear during indexing. 



CHAPTER J4 

ELECTROMACIIINIKG EQUIPMENT 


Ek‘Clromachining equipment, including: idcctrical-di'cliarpe. I'lcclrolyll- 
cally assisted and ultrasonic machining equipment, is iiitendod for machi- 
ning workpieces of cemented carbides, i>igJi-tomperalure (heat-re'>isting) 
nJ/o}*s, super-hard and hritlfe materials, .and other materials liiat arc not 
machinable by ordinary cutting tools, as well as materials for nliich defor- 
mation due to the cutting force cannot l>e permitted. It i.s either extremely 
difficult or entirely impos.^ible to shape suclt materials in conventional 
machine tools. 

Eloctromacluning equipment is employed in the manufacture of complex 
die.'*, plastics moulds, wire-drawing dies os well a.s slots and holes of various 
shapes and fit a size from several hundredths tofc\cral tenths of a millimetre. 


14*1. Efecfrlcsl-Dischsrge and Eteeirolytlcatly 
Assisted Machining Equipment 

Electrical-discharge machining is based on the disintegration of currcnt- 
conductingmaterials (electrodes) by on cloctric.il discharge occurring 1/el ween 
them. Electrical-discharge machining, also known ns spark erosion, wa.s 
first proposed in the Soviet Union in 1913 and is now widely applied in all 
countries in the manufacturo of machinery, instruments and apparatus. 

Electrical-discharge machining of metals consists in the following. At 
each electrical discharge, a focused stream of electrons, flowing at a high 
velocity from one electrode to tho other, produces compression shock waves 
on the surfaces of the electrodes, Tho pressure of the waves is many times 
more than the idUmale strength ol the electrodes. The formation ot the com- 
pression shock Wave is accompanied hy a local increase In temperature and 
a certain deformation of tho surface l.iycr- 

Tho mechanical stre.ss occurring in tho metal sprc.id« at a definite \clocity 
In all directions, including the one from which tho shock vva\c v\as propa- 
gated. When It reaches the initial surface and is reflected from It. the shock 
wave undergoes a reversal in sign, i e., a ten«ile stress is developed in the 
surface layer of a magnitude that is many times more than the ten«ile 
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Fig. 272. Principle of spark-over- 
initiated discharge machining: 

1 — workpiece; 2 — tank with dielectric; 
3 — tool or electrode; 4— automatic 
regulator of the spark gap; 5— d-c ge- 
nerator; 6— bank of condensers 



Fig. 273. Principle of electrical-pulse 
discharge machining: 

1 — workpiece; 2 — tool or electrode; 3— aut- 

omatic regulator; 4— impulse generator; J?o, Ri 
and R. — stages of current-limiting resistance; 
Si and St — stage selector switches 


strength of the material. As a result, particles of metal are thrown out in the 
direction facing the compression shock wave. 

There are four general types of electrical-discharge and electrolj^tically 
assisted machining equipment. Maximum efficiency of these machines is 
achieved in the corresponding fields of their application. 

Spark-over-initiated discharge {electrospark) machining is used chiefl 3 ' to 
pierce small-diameter holes, to make narrow slits and to make small parts 
of complex shape from materials difficult to machine. The output of this 
equipment is comparatively^ low (Table 47). 

Relaxation generators are employed in this equipment to originate elect- 
rical impulses. In these generators the energy of the supply^ source is conver- 
ted into oscillatory’- energy'- hy^ means of an accumulating element which 
consists, in most cases, of capacitance (Fig. 272). In this equipment, the 
workpiece is the anode and the tool or electrode is the cathode. The tool 
can be made, for example, of soft brass. Machining is carried out in a non- 
conducting liquid medium, or dielectric (kerosene or industrial oils) which 
separates the workpiece and tool. The required spark gap between the work- 
piece and tool is maintained by" a suitable servomechanism, called an auto- 
matic regulator. 

Electrical-pulse discharge {arc-erosion) machining has a much higher output 
(Table 47) and is employ^ed in machining medium- and large-size dies, pla- 
stics moulds, etc., and in machining hardened workpieces or low-machin- 
ability" steels and alloy^s. This process can also be used in place of tracer- 
controlled milling in machining complex shapes. 

The impulse discharges in this equipment are originated by" a motor- 
generator, vacuum-tube or semiconductor generator which produces uni- 
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Fig. 274. Principle of electrolytically assisted machining (n); rupture of the film and dis- 
charge between the peaks of surface irregularities and the disk (6): 

/— wortpioce. ?— tool; J— electrolitc; d-e -wrator; rti^cstat 


polar current pulses of constant frequency (Fig. 273). In these machines, 
in contrast to the spark-over-iniiiatcd type, the workpiece is connected 
to the cathode and the tool to the anode. Either the workpiece or the tool 
is vibrated in the direction of the feed motion. The tool (electrode) can bo 
made of copper, aluminium or cast iron. Tbo most wear-resistant tools, 
however, are made of graphite carbon materials (grades II9 and Bl). .Ma- 
chining is carried out in a dielectric fluid. 

Electrolytically assisted discharge machining is used to sharpen comented- 
carbide tools, as well as for grinding, boning and cutting off difficult-to- 
machine materials. In this equipment, the workpiece is connected to the anode 
and the tool to the cathode (Fig. 274d). Tho machining is done in a current- 
conducting liquid medium, tho electrolyte. Tlic electrolyte, delivered into 
the gap between the tool and workpiece, dissolves the metal under tho ac- 
tion of the current, and forms a thin film of o.\ides or salts on its surface 
(Fig. 2746). This weakly bonded film is easily removed by tho tool, to which 
both the primarj’ cutting and feed motions are imparted. A new film is formed 
in place of the removed one and this is also removed upon further motion 
of the tool. The electrochemical process is accompanied by electrical-discharge 
metal removal since spark gaps, through which discharges pass, occur when 
the film is removed. 

Electrolytically assisted cutting-off machines employ a thin disk, or an 
endless band or m're made of soft steel, as the tool. The tool-sharpening 
machines use a sharpening disk made of steel, cast iron (including chilled 
iron) or soft copper. Microfinishing machines operating on this principle 
use current-conducting grinding wheels, abrasive slicks and laps. 

The output of electrolytically assisted machining equipment and the 
surface finish obtained hy this process depend upon the type of electrolyte 
used, and the electrical and mechanical data characterizing the proce«5. 
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14-2. Ultrasonic Machining Equipment 

Ultrasonic machine tools {Fig. 276a) differ from electrical-discharge equip- 
ment that can machine onlj* current-conducting materials in that noncon- 
ducting materials can also be readily machined. These include such brittle 
and hard materials as glass, ceramics, porcelain, quartz, germanium, silicon, 
rubies, diamonds, cemented carbides, hardened steel, etc. 

Ultrasonic machining has much in common with electrical-discharge 
machining. The compression shock waves occurring on the surface of the 
workpiece in ultrasonic machining are due to the impacts of the abrasive 
grains. The large number of grains striking the surface simultaneously 
<30 to 100 thousand per sq cm) and the high frequency of impacts (1C to 
25 keps) provide a metal removal rate that is acceptable for practical 
purposes. 

MoUon is transmuted to the abrasive grains by the vibrating end of tool 2 
(Fig, 2766) which is connected through loolbolder S to magnetostrictive 
transducer 4. The transducer consists of a stack of plates made of a magneto- 
strictive material, i.c., one having the property of changing its physical 
dimensions upon changes in the magnetic held. The transducer coil is sup- 
plied by current at a frequency of 16 to 25 keps from an ultrasonic generator. 
This current is converted by the transducer into mechanical vibrations 
of the same frequency. The vibrating system is mounted on spindle 5 which 
can travel vertically on the ways of column 6 and applies lb© tool to the 
surface of workpiece J with a definite force. 

Ultrasonic machining is most intensive when the workpiece is submerged 
in a liquid medium. Cavitation phenomena in the liquid promote intensive 
mixing of the abrasive grains under the tool and ibo substitution o! new 
grains for fractured or worn ones. For this purpose, pump 7 delivers a slurrj* 
of water and fine abrasive from tank 8 to the machining zone. 

Materials with a comparatively low tensile strength, such as glass, cera- 
mics, etc., can be most readily machined by this process. U is considerably 
more difficult to machine stronger materials, such as cemented carbides. 
Plastic materials with a sufficiently high tensile strength arc not machined 
ultrasonically to any appreciable extent. This is due to the comparatively 
small energy of the abrasive grains striking the workpiece surface. 

Id addition to the electromachim'ng processes discussed in this chapter, 

a number of other new techn- ^ 

of experimental research. S 
machining metals u*itb high'’ 
with focussed electron and light beams, etc. 
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MACHINE TOOLS FOR CUTTING TOOL 
PRODUCTION 




A SERIES OF SPECIAL MACHINE TOOLS HAVE BEEN DEVELOPED 
for the production of cutting tools. They are designed to perform either 
a single or several operations. Such machine tools find applications in va- 
rious stages oi the manulacluring cycle, beginning with the blank and up 
to the sharpening of the finished tool. 

Many Soviet tool plants employ change-over type transfer machines. 
These machines were designed hy the Orgstanhinprom Designing Institute 
on the basis of modified standard general-purpose machine tools. Up to 
22 machines have been used in each lino. Most of the main operations in the 
production of machine and hand taps arc performed by these transfer machines. 
However, to achieve the complete automation of tap production, ‘begin- 
ning with the blank and ending with the packing operation, it is necessary 
to develop automatic machine tools, that can be built into a transfer machine, 
for such critical operations as thread grinding and sharpening. 

Semiautomatic precision thread grinders of the general- and single-purpose 
types are widely used at the present time in the manufacture of taps, thread 
gauges, thread-milling cutters, etc. These machines, operating on complex 
production cycles, must comply 'odlb very high accuracy requirements. 

Shank-typo tools are turned in special automatic and semiautomatic 
copying lathes with hydraulic tracing systems. 

Jig borers are another type of machine tool that find extensive application 
in tool production. 

Along with special machine tools, general-purpose models are also used 
to make cutting tools. These include cylindrical and surface grinders, 
broaching machines, centring machines, etc. Thus, Swiss-typo automatic 
screw machines turn blanks in the automatic transfer raaebino for tap pro- 
duction. 

Specialized machines, based on general-purpose models, are used for 
certain operations. a rule, in Iheso cases, tho principal units of the initial 
machine, such as the main and feed drives, are utilized, while special now- 
units and mechanisms are built into the machine for performing tho required 
machining operations and for automating tho cycle. An example of such 
specialization is the three-position semiautomatic milling machine, model 
MII-IO, for producing helical Cutes in end mills. Its design is based on tho 
universal horizontal milling machine, model 6H82. 

The most typical special and specialized machine tools designed for tool 
production arc: 
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(1) Automatics for cutting up cold-drawn (sized) bar stock into blanks 
for twist drills and other similar lools- 

(2) Automatic and semiautomatic lathes for turning cylindrical and tapered 
surfaces on drill, reamer and tap blanks. 

(.3) Automatic and semiautomatic machines for milling drill and tap 
flutes, drill tangs and tap shank squares. 

(4) Precision and high-accuracy thread-cutting macliines. 

(5) Thread grinders for grinding the thread on tap blanks, cjdindrical 
thread-rolling dies and certain types of milling cutters. 

(6) Thread-rolling machines for rolling thread on taps and other tools. 

(7) Semiautomatic machines for grinding gear-shaping and shaving cutters. 

(8) Universal and specialized tool grinders for sharpening different types 
of cutting tools,' single-point tools; twist, flat and gun drills; hobs; face 
milling cutters; segment saws, taps, broaches, etc. This group also includes 
machines for lapping carbide-tipped tools, 

Hopresentativo examples of machine tools belonging to those groups, as 
well as jig borers and an automatic transfer macliine for tap production, are 
considered in the following chapters. 
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15-1. Automatic Vortical Cutting-Off Machine, 
Model JlA-17 

The model JIA-17 automatic is intended for cutting oil cold-dra^n (sized) 
or hot-rolled bar stock to make the blanks of shank-type cutting tools. 

The distinguishing feature of (his machine is that the bar stock is held 
in a vertical position during operation so that it occupies considerahly less 
Door space of the shop. The stock is fed out hy gravity to the stop for cutting 
off the next tool blank. It is cut off with two single-point tools i\hich travel 
toward the axis of the rotating stock at the rale of feed (Fig. 277). 

The cut-off tools aro ground so (hat, simultaneously with the cutting-off 
operation, they turn a point with an hclodefi angle of IIS* on the lower end 
of drill blanks, the upper ond remaining square to the drill axis. 

Model JIA-17 (Fig. 278) handles blanks in a diameter range from 9 to 
28 mm. A carbide-tipped roughing tool is set up In the loolholdcr of tho 
left-hand slide; the finishing tool in the right-hand slide has a tip of high- 
speed steel, grado PIS. 

A three-jaw chuck with wedge-type clamping facilities is used for holding 
both cold-drawn and bot-rollcd bar slock. 

The automatic has a very high production capacity. For example, it can 
cut off about 190 pieces of stock, 14 to 16 mm in diameter, per hour. A single 
operator can tend several such machines. 

Data concerning the model JIA-17 automatic aro listed in tho following 
specifications: 

Brief Spec/ficalionj of the Autoiantlc 

Bar capacity, tom: 
minimum diameter 
maximum diameter . 

Length of blanks cut ofl, 
mm; 

minimum 
maximum 

Number of spindle speeds . 
flange of spindle speeds, 
rpm 


Vertical Cuttlog-OIT llacbioc 

Number of tools operating 
9 simuItaDeousIy ... 2 

28 Travel o! tool slides, mm* 

L-fl slide .... 14.5 

P.II. slide .... 1C.25 

76 Spindle and feed drive motor- 

140 typ® • • • • T42-C/4 

8 power, kW ... 2; 2.5 

Speed, rpm 950; 1,420 

220 to 658 
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The automatic cuLting-ofi machine comprises 
the following principal units: base, spindle 
column, tool heads, drive of the hydromechanical 
clamping arrangement, stop housing and the 
swing-back stock stop, loading device, coolant 
system and electrical equipment. 

Box-shaped base 1 carries all the other units 
of the machine, spindle column 2 being mounted 
on its upper surface. The base houses the two-speed 
main drive motor mounted on a pivoted plate, 
and the panel with the electrical devices. 

The right-hand cavity of the base serves as 
a reservoir for the cutting fluid. A bracket hol- 
ding coolant pump lA is mounted on the rear 
wall of the base. 

The spindle column housing contains the spin- 
dle, power travel mechanism of the heads and the 
mechanism for clamping and unclaraping the bar 
stock. 

R'lounted on the Lop surface of column 2 are drive 12 of the hydromechani- 
cal clamping device with a vane pump, type JIl-OS, having a delivery 
of 5 litres per min at a pressure up to 50 kg per sq cm, and a 1-kW electric 
motor running at 960 rpm. 

The hydraulic cylinder for stock clamping is mounted at the upper end 
of the spindle. The left- and right-hand tool heads, / and 6, are arranged 
at the front, while stop housing 4 is below, mounted on vertical ways. 
A flange carrying swing-back stock stop 8 is located at the left. 

These mechanisms, as well as spindle rotation, are driven by two-speed 
•electric motor 1 (Fig. 279a). 

Rotation is transmitted from shaft I of the motor through a belt drive 
Avith two-step pulleys 2 and 7 to shaft II, and further, through bevel gears 12 
and 13, to the liollow spindle through which the bar stock passes. The re- 
quired spindle speed is obtained by installingtho corresponding change pulleys 
and by switching over the drive motor to one of its two available speeds. 

Secured on shaft II is Avorm 8 which transmits rotation through worm 
Avheel 7.9 to shaft IV and further, through change gears a and h, to shaft V 
•on which worms 0 and 21 are mounted. Worm wheels 4 and 20, meshing 
witli worms G and 21, transmit rotation to horizontal shafts VI and VII. 

Cylindrical drum 9, carrying two cams, is secured on vortical shaft VIII 
(Fig. 279a). Through a lever, one cam actuates a three-way valve which 
admits oil delivered by pump 11 (Fig. 21^a) through rotating joint 11 
(Fig. 280) to the upper and lower ends of the hydraulic cylinder. Hydraulic 
cylinder 10, mounted on the end of spindle 7, is designed for clamping and 



Fig. 277, Culling off drill 
blanks: 

1 — bar Block; 2 — thrcf-lau- 

chuck; 3 — cut-off tool; 4 — blank; 
5— stock stop 



Fig. 278. Automatic vertical cutting-off macluno. model .l.\-i: 
J —base; ?— spindle column, j- ’ * ■“ — irv •••'" t v^. 

Btop; a and 7— tool heads, a— • 

JJ— drive of the hydromechac ■ , ' . • i 






Fig. 279. Diagrams of tho automatic vortical cutting-off machine, model JIA-17: 

(c) pcarin? diafn'nm; (b) hydraulic circuit diagram of the clamping arrangement; i — main drive motor: 
g and r— clinngc pulley.s; 3 — coolant pump; c, 8 and 21 — worms; 4, 5, 10 and 20 — worm wheels; 9 — 
cylindrical cam drum; 10 — rod of the liydraulic cylinder; 11 — vane pump of clamping arrangement: 
12 and hevol gears; 14 — pump of the lubricating system; IS and 18 — chain sprockets; ic — stop 
housing: jr— stock stop mechanism; 22 and 24 — cams for traversing the right- and left-hand tool slides: 
23 — ejector; 25 — backpressure valve; 2C — pressure switch; 27 — hydraulic cylinder; 28 — piston; 29— 

three-way valve; 30 — vane pump 
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rolonsing iho bar slock. Tlio stock is clampod in a ihreo-jaw universal (solf- 
contring) chuck 6 having a wodgo-iypo locking monibor 3. Working pressure 
of Iho oil in the cylinder is 13 kg per sg cm. Any drop in pressure in the 
hydraulic system actuates pressure switch 26 (Fig. 279/;) and stops the main 
drive motor. 

Piston 9 (Fig. 280) of hydraulic cylinder 10 is rigidly secured to tube S 
whoso lower end is linked to wodgo-typo loclting mombor S of cliuck 6. IMem- 
bor 3 is linked, in turn, to three master jaws 5 on which top jaws 4 are secured 
wilh screws. The clvuck is fastened by screws l o the flange of the spindle and 
is located on a tapered pilot. 

Upon upward travel of the piston, the jaws move radially inward and 
clamp the bar stock. After this the stock rot ates together with the spindle, 
and the food motion of the heads with the cutting tools begins. 

Both the loft- {6) and right-hand (7) tool heads (Fig. 2S1) consist of guide 72 
fastened by screws 16 lo the base, and slide 13, travelling along the ways of 
the guide. 

Toolholdor 15, accommodated in a rectangular recess of slide 13, can bo 
adjusted, in sotting up the machine, along guide strip 14, secured to slide 13, 
The set-up toolholdor is clampod on the slide by screws 4. 

The tool slides are traversed by cams 22 (for finishing) and 24 (for roughing) 
mounted on the ends of shafts VI and VII (Figs. 279n and 281). Tlieso cams 
actuate the slides through rollers 2 and .77 mounted in the slides, thereby 
providing rapid apiiroach of the tools lo the stock and the working feed. 

The rate of feed, expressed hero in millimotres per spindle revolution, is 
.<;et up by installing the required change gears a and b (Fig. 279n) on shafts 
/V' and V, and the corresponding cams on shafts 17 and 17/ for each range 
of stock diameters. A safety clutch on shaft IV prevents overloading of the 
food mechanism. 

The sot of change gears furnished Avith the machine enables six rates of 
food to bo obtained in the range fronPO.05 to 0.08 mm per revolution. Two 
coil springs 3 (Fig. 281) hold roIlors}2 and 77/]constantly against cams 22 
and 24 and return the slides after the stock is cut off. The rollers are mounted 
on occoutric pins providing a certain degree of adjustment of the. innermost 
position of the slides. 

When a blank has been cut off, the clampingl'mechanism releases the slock, 
cant 9 (Fig. 279b), mounted on shaft VII (Fig. 279u), actuates lover 8 
(Fig. 281), and ejector 10 pushes the cnl-off blank into the discharge trough. 

In Ibo course of oacli cycle, as the tools approach the axis of the stock, 
the second cam mounted on drum 9 (Fig. 279<7) operates a limit .‘twitch wliioh 
increases the motor speed, thereby maintaining an approximately constant 
cutting speed. 

The bar slock in tool production is either high-speed steel, grade P18 or 
P9, or one of its substitutes. 





410 


MACHINE TOOLS FOR BLANK MANUFACTURE 


TABLE 48 




Ranges of bar stock diameters, mm 


Sprcificntions 

n to 11 

11.1 to 

14 

14. 1 to 
16 

16. 1 to 
20 

20.1 to 
24 

24.1 to 
2S 

Spindle speed, rpm, at mo- 
tor speed of 950 rpm : 



440 

346 

277 

220 

Cutting speed, ui per min 

— 

— 

22.2 

22,4 

21.0 

19.4 

Spindle speed, rpm, at mo- 
tor speed of 1,420 rpm 

658 

51S 

65S 

51S 

415 

330 

Stock diameter, mm, at 
moment of motor switch- 
over 



9.7 

12.0 

15.4 

19.3 

•Cutting speed, m per min 

22.7 

22. S 

20.0 

20.0 

20.0 

20.0 

Travel, mm, of L.H. and 
R.H. tools at a motor 
speed of 950 rpm 



3.15 

4.0 

4.3 

4.35 

Travel, mm, of tools at a 
motor speed of 1,420 rpm: 

L.H. 

G.O 

7.5 

5.35 

6.5 

S.2 

10.15 

R.H. 

7,75 

9.25 

7.1 

S.25 

9.95 

11.9 


Table 48 lists the machined diameters at which the motor is switched over 
for each range of stock diameters, as well as the corresponding cutting speeds. 

Stop housing 4 and adjustable stop 5 (Fig. 278) serve to restrict stock 
feed to the specified blank length. The mechanism for moving the stop is 
enclosed in a separate housing, mounted on the front waj^s of spindle column 
2 and supported by screw jack 3. 

Stop movement is kinematically linked with slide travel in such a manner 
that when the slides travel inward to the stock axis, the stop moves down- 
ward. As the slides withdraw to their initial positions, the stop moves upward 
to its working position, corresponding to the lower end of the stock. 

From shaft VI (Figs. 279a and 281) motion is transmitted through a chain 
drive, cam and lever mechanism to a reciprocating rack that meshes with 
a pinion, and further through the face teeth of a sleeve in whose hole adjust- 
able stop 3 (Fig. 278) is secured. This stop can be set up to cut off blanks 
of \arious lengths in a definite range. If necessary, the stop can bo inter- 
dianged with one of a different size. 

The slop is accurately adjusted to the specified length of blank to bo cut 
•off with the aid of screw jack 3. 
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The swing-back stock stop 8 is used to trim off the uneven end of a new 
piece of bar stock after loading it into the machine. The position of the 
working surface of the slop in rcfcronco to the spindle is constant, and is 
designed to cut off the minimum amount sufficient to square up the stock. 

When the bar stock is clamped and cutting begins, the lover of the stop 
is retracted by swinging it to one side by hand. Further restriction of stock 
feed-out, in cutting up the rest of the bar, is accomplished by adjustable 
stop 5. A lever pivoted on the stock clamping chuck turns by spring action 
when the bar of stock is completely used up and, through a lover system, 
actuates a limit switch which turns off the main drive motor. 

Loading device 12 (Fig. 278) constitutes of an upright, fastened by serous 
to the top wall of spindle column 2, on which two brackets are rigidly mount- 
ed to support the bar stock. The rigidity of the arrangement is further in- 
creased by bracing the top of the upright against the nearest shop wall or 
•column of the building. 

Bar stock must be straightened before it is cut off. The camber must not 
e.xceed 0.3 mm per metre of length. The attainable accuracy in the longtn 
of the cut-off blanks is ±0.5 mm for stock up to 20 mm in diameter an 
-}-0.5 mm for larger diameters, while the surface finish is within the slipup* 
tions of the 4th class according to the USSR Standard. 
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16-1. Semiautomatic Tracer-Controlled Lathe, 

Model BT-10M 

Hydraulic Circuit of the One-Dimensional Tracing 
System of Semiautomatic, Model BT-tOM 

Hydraulic tracing systems are mdely employed in turning the blanlcs of 
parts of complex shape. In essence, these tracing systems are servosystems of 
automatic control. 

Peculiar to these systems is the application of a special tracing device, 
sensitive to unbalance, which constantly compares tool motion with the 
preset programme — the template profile. The instant unbalance occurs, 
a signal is transmitted to the operative unit to eliminate the unbalance. 

Duplicating machines with hydraulic tracing systems mainly use flow 
controls whose advantage is their simpler construction. Circuits of this 
type employ fixed-displacement pumps. The hydraulic circuit diagram of 
the tracing system used in model BT-IOM is shown in Fig. 282. 

The motion of transverse copying slide 2 is controlled by tracer valve 
spool 5 having a stylus 6 at its end. Body 4 of the tracer valve, in a bore of 
which the valve spool travels, is connected to transverse slide 2 and the rod 
of piston 3 of the power cylinder. The latter is mounted on the saddle. 

The blank is turned to a template which has a profile exactly like that 
required on the finished workpiece. The longitudinal feed is not related to 
the cross (tracing) feed and has a constant adjustable value. The tool feed 
is in the direction of the resultant of the longitudinal and cross feeds and i is 
a variable value depending upon the angle the portion of the profile being 
turned makes with the work axis. 

This tracing system operates in the following way. 

Oil from pump 1 enters rod end F^, of the hydraulic cylinder and, through 
variable-flow valve 7, to tracer valve 4 and head end of the hydraulic 
cylinder. Thus ends Fj and F^ of the cylinder are constantly under pressure. 
This ensures higher sensitivity, rigidity and vibration-proof properties. 

As tracer valve spool 5 moves up or down, in accordance with the profile 
of the template, orifice a is varied in the valve, increasing or decreasing the 
resistance to oil flow. This determines the direction of travel and the ve- 
locity of piston 3 and, consequently, those of the tracing slide. 

At the initial moment, before stylus 6 comes into contact with the tem- 
plate, tracer valve spool 5 is shifted downward by a spring, closing orifice a. 
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Fig. 2S2 Hydraulic circuit diagram of the ono-dnnensiooal tracor-controllcd sjstem 
used in the model BT-IOM souii.iutomatic latho 


The resistance of the tracing valve will be at a maximum, in this case, and 
piston 3, together with the slido and the body of the tracing valve, moves 
rapidly downward to the blank until the stylus reaches the template. As 
the stylus comes into contact with the tomplato, the valve spool is shifted 
upward (in respect to the body) opening the passage for oil flow through 
orifices a and b to the tank. 

At this, the pressure in cylinder ond Ft drops and piston 3 with slido 2 
continues to travel downward, but with a lower (tracing) feed, if a descending 
curve is being reproduced. 
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At a certain magnitude of orifice a, the pressure in head end %\dll becomo 
equal to one half of the pressure in rod end and, since the effective areas 
of the piston at the two ends have a 2 : 1 ratio, feed of the tracing slide- 
ceases. This position corresponds to the turning of a cjdindrical surface. 

As the stylus reaches an ascending profile, the tracer valve spool is shifted 
more in respect to the body, opening orifice a to a still greater extent. In 
this case, the pressure in head end F^ will be less than one half of that in 
rod end F-^ and the tracing slide will travel upward. 

The rate of slide travel is determined by the amount of fluid that the 
throttling orifice a of the tracer valve can pass at the given pressure differ- 
ence. 

In the servomechanism under consideration, travel of the piston in tha 
power cylinder results in motion of the body of the tracer valve. This pro- 
duces the feedback feature between tracer valve spool 5 and power cylinder 
piston 3. 

Because of the motion of the body of the tracer valve, the command pulse 
gradually weakens and, as soon as the length of slide travel equals the move- 
ment of the stylus, the pulse becomes equal to zero. 

The use of variable-flow valve 7 in a hydraulic tracing system Avith a differ- 
ential cylinder, in place of a throttle valve with a constant orifice, offers 
certain advantages. The speeds of up and down rapid traverse are the same 
in a system with a variable-flow valve, as distinct from one with a throttle 
valve. The application of a variable-flow valve also increases tracing accuracy 
and enables the system to operate on a lower and constant pressure. 

Other merits of the given tracing system are the smooth travel, the avail- 
ability of infinitely variable tracing feeds, low inertia providing for rapid 
action, and a sufficiently high machining accuracy. 

Balanced-piston relief valve 8 maintains a constant pressure in the system. 

Purpose and design features. The model BT-IOM semiautomatic (Fig. 283) 
is intended for turning blanks of shank-type cutting tools, such as drills, 
reamers, end mills, etc. The blanks are clamped between centres and are 
turned by a hydraulic tracing slide to a round template or a master. 

Separate parts of the tool or the whole length can be turned in the machine 
in a single or several passes. 

All motions of the machine, with the exception of workpiece rotation, 
are powered by the hydraulic system which effects longitudinal feed and 
rapid withdrawal of the saddle, tracing movement, extension of the tail- 
stock spindle, releasing and starting the headstock spindle, and cooling 
of the cutting tool. 

The spindle is driven directly by a two-speed electric motor through V-belts. 

A brake, built into the driven pulley mounted on the spindle, is applied 
by a spring and is released by a hydraulic plunger. 



Fi?- 2S.3. Seniautoaatic tnccr-cootrolled Jatbe, model BT-IOM: 

I— 4ed: j-~<i:atrol paael; j— »peM<iaaa' Itr^z <— t^>t»tDck: f-^-naia Icfie »— 

TTiti dial fcr itt carrlar* f^d, r— tas^ ef earrias- naif a^luadwb^*! fcr adjU'itffia tie left- 

taad eeai?- a set up tie t“rjpiate aHaHy: J— lef>ta2(l centre stock: 7fl— lever f^r clasapmc tie centre- 
sKck icra-jnr; 21 — step ter JiSlts:? tie ler^ti cf tie stirface macilaed; is— leve- f^r ciazipine tie 
centre strea sccdl*; IJ — rttssd trsplat"' J4 — jadi:*; fj— pickup; 7»— piclmp sl.d' IT — leve- r-:r 
clanspis^- isg pickup slide; jj-~tead witS d.al Prr tie pickup sl-d*. IS— track't ef tie p'ckup 

slide; 20— caemn- slide; 2i— ivdraulic crleder cf lie trscut? slide; ro— ticit-tand centj* sttxk; si — 
iandTieei for adjusenr tie rinit-iand centre to set up the templar* arull’ — trclioider; ss— 

taostaci: rf— tydnuliC cyl-ader far eit«i4B? and reiracun? tie tadsr'ck (Ttul 


3Iotor speeds are chan^d with a drum-type switch. The motor is mocated 
on a hin^d plate inside the bed. This arrangement facilitates belt tensionxa?- 
Data on the model BT-IO.M sernfautomatfe are listed in the foUoxiar. 

Brief Specifications ot the S«ajjottJci"itic 
Tracer-Controlled Lathe 

Diameter tamed, cm: 


maxim nm 
miaimom 


11 



•410 


SPECIAL SEMIAUTOMATIC LATHES 


Length turned, mm: 

maximum 350 

■ minimum 80 

Travel of saddle (longitudinal), mm 400 

Travel of tracing slide (cross), mm 35 

Maximum depth of proGlo turned, ram 20 

Maximum angle of profile turned, deg 15 

Spindle speeds, rpm 720 and 1,450 

(with different driving pulley) 500 and 1,000 

Longitudinal feed of saddle (infinitely variable), mm per 

min 100 to 800 

Speed of rapid withdrawal of saddle, m per min . , 1.3 

Speed of rapid withdrawal of tracing slide, m per min 1,3 

Power of two-speed spindle drive motor, kW 5,2/7 


Headslock 4 is secured at the left-hand side on the front horizontal sur- 
face of bed I (Fig. 283) while tailstock 25 is mounted at the right-hand side 
on an inclined surface with a V-way. The tailstock can be moved along 
the way and clamped in a position to suit the length of the work. The lail- 
stock ^centre is inserted into the inner spindle which runs in antifriction 
bearings in the quill of the tailstock. The design of this built-in revolving 
centre enables the machine to operate at high speeds. The tailstock quill 
is hydraulically extended and retracted. 

Base 7 of the carriage unit (Figs. 283 and 284fl) is fastened on the hori- 
zontal top surface of the bed behind the headstock and tailstock. This base 
has inclined flat ways along which saddle 14 travels. A dovetail guide at 
the upper roar part of the base mounts loft- (9) and right-hand (22) centre 
stocks between whoso centres template JS is held. 

The template is accurately set up axially by turning handwheels 8 and 
28 to extend or retract the spindles of the stocks. The spindle of the right- 
hand stock is spring loaded. 

Longitudinal feed of the saddle is effected by a hydraulic cylinder built 
into base 7. 

Transverse hydraulic cylinder 24 feeds tracing slide 20 along the inclined 
ways of saddle 14. Mounted on the slide are toolholder 24 and cast bracket 
19 with dovetail ways along which slide 16 of the pickup travels. These ways 
provide the linkage between tracing slide 20, to which bracket 19 is rigidly 
secured, and pickup 15, fastened to the upper surface of slide 16. 

The overhang of the tracing slide, as well as the setting to the depth of 
cut are adjusted by turning head 18 with its circular scale to move the slide 
■of pickup 15. 

After making the required adjustments, the pickup slide is firmly clamped 
•on bracket 19 by turning lover 17. • 
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The pickup (Fig. 2846) has a bracket by means of which it is fastened to 
the slide of a housing containing the tracer and regulating valve spools (the 
latter being part of the variable-flow valve) and a system of levers by means 
of which all movements of the stjdus are transmitted to the tracer valve. 

Combined hydraulic circuit and gearing diagram (Fig. 285). Oil is deliv- 
ered by pump J through plate filter 2 and balanced-piston relief valve 3 
into the hydraulic system. The relief valve is adjusted to a pressure of p = 
20 kg per sq cm whicli is chocked in the main circuit bj’’ pressure gauge A. 

_ Oil flows along a pipeline to the variable-flow valve and rod end of hydrau- 
lic cylinder Cn of the tracing slide. From the variable-flow valve oil is admit- 
ted to the head end of cylinder O 2 as a result of which the tracing slide ad- 
vances to the work. 
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In its forward motion, tho stylus of the tracing valvo runs up against tlio 
template and, compressing the spring, pushes back tho tracer vaho spool, 
opening a slit for oil drain and thereby reducing tho pressure in tho head end 
of cylinder C*. hen tho pressure in this end of tho cylinder roaches a value 
one half of that in the rod end, the tracing slide will bo in ctjuilibrium. 
This corresponds to the turning of a cylindrical portion of tho work. Rais- 
ing and lowering of the stylus corresponds to a like motion of tho tracing 
slide. Thus the cutting tool exactly reproduces tho motion of tho stylus. 

A slit of constant cross section is maintained in tho tracer valvo. This, 
in turn, maintains a constant dlfferonco in pressure in the ends of cylin- 
der C' 2 . 

If the stylus runs out of contact with the template, tho tracer valvo spool 
will be returned to its initial position by spring action and tho tracing slide 
will move downward. 

At tho same time, oil passes through backpressure valvo 4 and, if solenoids 
Sdi and Sd^ are energized, enters tho rod end of cylinder Ci which provides 
for longitudinal motion of tho carriage at tho working food. 

The oil from tho head end of the cylinder flows through the pressure-com- 
pensated flow-control valve 7 which eusurcs a constant rato of feed. Feed is 
changed by turning knob 6 of the flow-control valvo (Fig. 283). The dial 
divisions of tho knob correspond to definite rates of feed which are e.stabiIsbod 
in testing tho machine. Only solenoid Sd^ is energized for rapid withdrawal 
of the carriage (Fig. 285) and oil passes through both valves Vt and check 
(nonreturn) valve 6 to the head end of hydraulic cylinder Cj, traversing 
tho carriage to its extreme right-band position. 

Oil enters hydraulic cylinder C 3 to advance the tailstock centre, securing 
tho work, through reducing valve 5 which is adjusted, depending upon tho 
type of workpiece, to a pressure slightly less or equal to the pressure in the 
main circuit. This pressure is checked on pressure gauge B of the reducing 
valve. 

When solenoid i’dj is energized, oil is admitted through valvo Vi into 
the rod end of cylinder C 3 to retract the tailstock spindle. 

If solenoid Sd^ is de-onergized. the oil passes through valvo Vi to the 
head end of cylinder C, advancing the tailstock spindle. Solenoid ioj is 
simultaneously energized and oil is admitted through tho valvo and under 
tho plunger of cylinder C* for operating tho spindle brake. This releases the 
spindle pulley and operates a limit switch which switches on hcadstock 
spindle rotation. 

Operation of the machine. For latho operation on a semiautomatic cycle 
the cycle switch is turned to tbe SEMIAUTO position The operator presses 
tho START push button of the hydraulic pump, thereby swilcliing on tho 
pump drive motor. 


27 * 
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Pressing the RETRACT push button of the tailstock centre energizes sole- 
noid Sds (Fig. 285) and the centre moves to the right. 

Releasing the RETRACT push button, the operator loads the blank on the 
line of centres. Since solenoid Sd-s is de-energized, the tailstock spindle 
advances and clamps the blank between the centres. 

When the START push button of the spindle is pressed, solenoid Sd^ 
is energized and the brake releases the spindle driving pulley. At the same 
time the magnetic starter of the spindle drive motor is closed, and solenoids 
Sdi and iSdo ai’e energized (the motor speed depends upon the position of the 
drum switch). This starts the working feed of the carriage and the workpiece 
is turned to the required contour to the template. 

At the end of the pass a limit switch is operated. It switches off the spindle 
drive motor and de-energizes solenoid Sds. At this, braking occurs and the 
motor is stopped. Then solenoids Sd^ and Sd,^ are energized, withdrawing the 
stylus from the template, and the carriage is rapidly returned to its initial 
position. 

In its extreme withdrawn position the carriage closes a limit switch prepa- 
ring the circuit for the next cycle which is started by pressing the START 
push button again, after loading a now blank. 

The electric circuit is designed so that the work can be turned in several 
passes if necessary. 

To set up the machine the operation selector switch is turned to the HAND 
position in which all the drives are controlled independently and manually. 


16-2. Semiautomatic Tracer-Controlled Lathe, 

Model MP105 

Construction and brief specifications. Model MP105 (Fig. 286) is a hydrau- 
lic tracer-controlled semiautomatic, equipped with a device for automati- 
cally loading the blanks and unloading the turned workpieces. It finds 
application in the tool industrj’^ for turning drills, taps, reamers, etc. 

The blank is turned to obtain a specified contour with a single tool, using 
a hydraulic tracing device, to a template or master mounted on the machine. 

The provision of automatic multiple-pass facilities enables several passes 
to bo employed in turning blanks with large or nonuniform allowances, 
whore ihoro is a largo difference in the diameters of adjacent surfaces of the 
workpiece. 

The vertical arrangement of the units provides reliable protection for 
the operator against chips which drop away freely from the carriage, thus 
facilitating o])cration of the machine. The provision of loading and unload- 
ing devices enables a single operator to lend several semiautomatics simul- 
tancou.sly. 
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The tracing method of turning tool blanks allows the production capacity 
to he substantially increased. This is due in part to the reduction of the 
time required to set up and change over the machine (operating \vith one 
tool) from one job to another, and to the higher cutting feeds and speeds 
that can he applied. 

The high power of the main drive motor and the ample rigidity of the 
machine enable tools tipped with up-to-date cemented carbides to he used, 
and turning to he done with heavy feeds, removing chips of large cross sec- 
tion, Springing of the work is reduced since it is turned Avith a single tool. 
This and the high accuracy of the servomechanism tracing system ensure 
exceptionally high machining accuracy. Data on the model MP105 semiauto- 
matic are given in the following specifications. 


Brief Specifications of the Semiautomatic Lathe, Model MP105 


Diameter turned, mm: 

minimum 20 

maximum 90 

Length turned, mm: 

minimum 1.50 

maximum 450 

Range of spindle speeds, rpm 1G2 to 2,040 

Number of spindle speeds 12 

Resultant working feeds of tracing slide, ram per min: 

minimum 20 

maximum 700 

Speed of rapid traverse, ra per min: 

longitudinal traverse of saddle 5.5 

cross traverse of slide l.OG 

Power of main drive motor, kW 14 

Motor speed, rpm 1,450 


The bed (Fig. 286) is a rigid hox-shapod grey iron casting at the upper 
part of which the tracing slide ways are arranged at an angle of 45° to tJie 
vertical. 

The headstock and the hydraulic cylinder for longitudinal travel of the 
tracing slide carriage are located at the loft on the bed. Special ways for the 
lailstock arc arranged at the right. Mounted on the top surface of the head- 
stock is the loading trough while the unloading device is located at the rear 
of the hod. Also mounted on the top of the bed is the mechanism for inde.x- 
ing the template when the work is to he turned in several pa.sses. The bed 
is mounted on two logs. The loft log accommodates the main drive electric 
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motor; the hydraulic drive of iho machine is in the right leg. The drive motor 
is mounted on a special base whoso adjustment controls bolt tension. 

Rotation is transmitted from shaft I (Fig. 287) of the motor through V-bclts 
to drive shaft //, and further through change gears, fixed gears 34 T and 
507 on shaft JII, and two sliding cluster gears on shaft IV to the spindle. 

At the left end of the beadstock is tbo hydraulic cylinder for actuating 
the headstock centre A serrated live centre is inserted in the taper socket of 
the spindle. The centre serves to hold the work and tbo serrations to transmit 
the driving torque to it. 

The mechanisms of the speed gearbox are lubricated by a plunger pump. 

A quill with an inner spindle and revolving centre is mounted in a boro 
of the tailstock. This quill can be extended and retracted, and is clamped in 
the required position by hydraulic cylinders. A bar secured to the rod of the 
cylinder for actuating tbo quilf carries four cam dogs which operate limit 
switches at x’arious points of quill travel to transmit various control signals. 

The tailstock is adjusted along its waj-s by moans of a screw secured in 
a bracket. The body of the tailstock is clamped in two planes, it is bold by 
screws to the vertical surface of the ways, and by moans of two taper gibs 
and clamping blocks to the lower locating surface of the ways. 
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Fig. 288. Tracing slide carriage of the model MP105 semiautomatic 


From 6 to 24 blanks, depending upon their diameter, are loaded into the 
trough from which they are removed by the loading device, arranged on the 
tracing slide carriage, and delivered to the line of centres. 

Turned workpieces are removed from the centres by the unloading mecha- 
nism; then thev run up against a stop and drop into the discharge trough 
(Fig. 2S6). 

Tracing slide carriage (Fig. 288) consists of saddle 1 and the upper part. 
The saddle is traversed in the longitudinal direction by a hydraulic cylinder 


16-2. SEMIAUTOMATIC TRACEIl-COXTnOLLED LATHE. MODEL MPI05 


435 


mounted at the left part of the bed. The upper part of the carriage consists 
of vertical slide 2 and hydraulic cylinder 4. T-slots at the lo\scr end of the 
slide are used to set up and clamp a toolholdcr which has an adjustment 
for properly setting the cutting tool to the lino of centres and a channel for 
feeding cutting fluid to the point of the tool. Hod 3 of hydraulic cylinder 
4 is fastened rigidly to saddle J, whilo the cylinder is secured to the upper 
flango of slide 2. The latter travels in the crosswise direction together witli 
the cylinder to accomplish the tracing motion. 

Alounted on the housing of hydraulic cj'linder 4 is a slide on which are 
fastened housing 9 of the tracer valve and a lever with a stylus. To sot up the 
machine to the required sixo of the work, the distance between the stylus 
and the cutting-tool point can be adjusted. The (racer valve siido is sot to 
the required position by turning handwheel 5; lever 6 clamps it in this 
position. If work is to be turned in a nonaulomatic cycle in several passes 
to a single template 10, stop 7 is used. The slop is adjusted hy turning hand- 
wheel S so that the tool makes a cut on tho work when there is a clearance 
between tho stylus and the template. By lowering the screw’ oI stop 7 (rotat- 
ing handwheel 8) after each pass, slock Is gradually removed from the blank. 
In the last pass, the slide is controlled by the template. This is accomplished 
by lowering the screw of the stop until the stylus reaches tho template or 
master. Employing this stop, cylindrical work can bo turned without tho need 
of a template or master. 

A lubricator mounted on tho saddle automatically feeds moleted portions 
of oil to all points of lubrication upon each stroke ol the cro^s slide. 

Work can bo turned in several passes, or cuts, in an automatic cycle by 
mounting the corresponding templates on the drum of the template indc.ring 
mechanism. This drum is mounted between the rcvolviiig centres of two 
stocks. The drum is indo.vcd to put the next template into operation at the 
moment tho tracing carriage returns to its initial position. Hero the carriage 
operates a liinil switch to energize tho corresponding solenoid which, in 
turn rnntrnU (hfi hvdraulic cvlindor for drum indc.xing. 

, . , ... . ■ ' - ‘urning 

. • • . . whicii 

the templates have already been mouwea. 

Principle of the Hydraulic Tracing Syitjm t! the Machine 

Unlike the one-dimensional tracing system with independent iongitmlinal 
feed, in tho semiautomatic lathe under consideration the iongitudina food 
is related to the tracing (crossj feed. An increase in cross food automaUcall> 
reduces the longitudinal feed and vice versa. ^ „»,„•«-« in 

Tho hydraulic circuit diagram of the tracer-controlled sjstcm is shown in 

Fig. 289. 




Fig. 289, Hydraulic circuit diagram of the tracer-controlled system used in the model 

MP105 semiautomatic 

Tracing slide 6 is rigidly secured to the housing of tracer valve 10 and to 
cross feed cylinder 7. The valve spool of the stylus is held by spring 9 against 
lover 11 and, through a tip shaped like the cutting-tool point, contacts the 
lemplalo 12. The valve spool has crosswise motion upon longitudinal travel 
of the carriage. 

As the stylus valve spool moves upward, oil enters the upper end of hydrau- 
lic cylinder 7, and cross slide G begins to travel away from the work axis. 
Wlien the stylus tip reaches a descending curve on the template, the valve 
spool is shifted downward by the spring. At this, oil enters the lower end of the 
cylinder and the slide travels toward the axis of the work. The housing 
of the tracer valve travels together with the cross feed cylinder thereby 
providing a feedback feature between the valve spool and the cylinder. 
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In turning a cylindrical portion of the work, 
the tracer valve occupies a neutral position (as 
5hown m Fig. 289) and oil is not admitted to 
•either end of cylinder 7. 

The servomechanism drive operates as follows. 

From pump 1 oil is delivered to the housing ol 
tracer valve JO and, at the same Umo, to the right 
•end of hydraulic cylinder 8 which provides for 
longitudinal travel of the carriage. The tracer 
valve spool, shifted up or down by the template 
and the spring, admits oil to ono or the other 

•end 

end, . .... 

or 6 ■ • ... 

left end of cylinder 8 passes to flow-control valve 3 
<for longitudinal feeds) through automatic pressure 
compensator 5. The latter co-ordinates the speeds 
in the two perpendicular directions. 

The pressure compensator is connected through port c with the drain 
ports of the tracer valve. Therefore, the spool of valve 5 is acted upon by the 
pressures established before flow-control valves 3 and 2. 

The sum of the forces acting on the spool of valve 5 in chambers Ft and 
■Fz is counterbalanced by spring 4 Therefore, the position of the spool depends 
«pon the sum of these forces. 

With an increase in the angle of inclination oi the profile being turned and, 
conseciuently, in the speed of the crosswise motion, a larger volume of oil 
is forced out of the cross feed cylinder. This raises the pressure of the oil 
before flow-control valve 2 and in chamber Ft of the pressure compensator, 
and the total pressure overcomes the force of the spring. As a result, the spool 
is shifted downward and the area of orifice d is reduced. At this, the rate 
of longitudinal feed of the carriage will decrease until the total pressure 
drops to a value that is again counterbalanced by the spring. 

In turning a cylindrical surface, the valve spool of the stylus occupies 
the neutral position, closing the entrance and c^it of oil to and from both 
ends of the cross feed cylinder and tbereby stopping cross feed of the slide. 
At this, the pressure drops in chamber F, of the pressure compensator and the 
sum of forces acting on its spool is reduced. As a result, the spool is shifled 
upward by spring 4, increasing orifice d and, conscfiuontly. the rate of longi- 



Fig. 290. Itpsuilanl trac- 
ing feed cuncs: 
anjls of lBclln»lIon pf the 
profile belnff turned; re- 
sultant feed 


tudinal traverse. 

At definite ratios between the areas 
■compensator 5, t’ 
the tracing feed, I 
Jn the latter cas . ' 


is of tUo stops on the spool of pressure 






4.30 


SPECIAL SEMIAUTOMATIC LATHES 


tlio anglo of inclination of tlio various portions on tlio prolilo being- 
traced. 

'j’ho required ratio of the semi-axes a and h of tlie ellipse (Fig. 290, curve e) 
and, consequently, of the cross and longitudinal feeds, is obtained by proper 
adjustment of flow-control valves 2 and 3. 

Food variation along an ellipse is of greater practical importance since in 
turning work with various profiles it is frequently desirable to have the rate 
of cross feed le.ss than that of longitudinal feed. 

Under those conditions, the hydraulic tracing system operates as a one- 
dimensional system vMh interrelated longitudinal and cross feeds. 

The dimensions of the stepped spool in the pressure compensator are 
selected so that constant resultant feed (Fig. 290, curve d) is provided when 
flow-control valves 2 and 3 (Fig. 289) are opened the same amount. In this 
case, the resultant feed (Fig. 290) is 

Sr — Y‘tx d- Sy — const 

Those conditions comply with the law of food variation in a two-dimen- 
sional tracing system. 

Automatic cycle. A combination of electric and hydraulic devices pro- 
vides for tlio automatic cycle of the semiautomatic lathe. Certain elements 
of the cycle are controlled by adjustable cam dogs which actuate limit 
switches. Table 49 illustrates the automatic cycles of the machine, both for 
single- and two-pass operation. The second column lists the designations 
of tlio selector switches, and the units on which they are mounted and whose 
travel originates the commands for energizing and de-energizing the sole- 
noids and for operating the pre.ssuro switches. The sketches and names of 
the operation elements give a clear idea of the order of those elements in the 
cycle: 

(1) In single-pass operation, the cycle includes operation elements 1 through 
12j, and repealing cycles begin with element 3. 

(2) In two-pass operation, the first pass includes operation elements 1 
through lOd and, as their sequel, olomonls from lOo to 13, inclusive. Tho 
second pass includes elements 10a through 12j; repeating cycles begin with 
olomont 3. 

The hydraulic system is controlled by moans of solenoids which receive- 
command signals from limit switches and pressure switches (in-travol con- 
trol). 

The machine has three electric motors; for spindle rotation, for driving 
the hydraulic pump and for driving the screw-typo chip conveyor. 

riio electric circuit of the machine is designed for automatic, semiautomat- 
ic and manual control (setting-up) operation, either of which can bo obtained 
by turning the rotary packet switch to the corresponding position. 
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Aulomatic oporalioa diBers from semiautomatic operation in that the 
loading and unloading devices are put into operation. Manual control, used 
in setting up the machine, signifies that the carriage, spindle drive motor, 
tailstock quill, headstock centre and the loading and unloading devices 
are controlled separately and independently by hand. 

ITie hydraulic circuit of this machine (Fig, 291) is supplied from an inte- 
grated pump installation constituting a double pump, type The low- 

pressure section of this pump has a delivery of 35 litres per min at a pressure 
of 10 to 15 kg per sq cm and is for rapid traverse movement; the high-pressure 
section has a delivery of 12 litres per min at a pressure of 20 to 25 kg per 
sq cm and is intended for working feeds. The hydraulic circuit operates on 
mineral oil, grade Industrial 20 or Turbine JI. 

Control of the automatic cycle, as well as control of the tracing process, 
is concentrated in the hydraulic panels vvliicli are connected to the discharge 
lines of the low- and high-pressure pump sections. 

The hydraulic control panel of the tracing slide is designed on the principle 
of electrohydraulic controls with an automatic cycle. It provides for the 
following elements: (a) STOP in any position, (b) rapid longitudinal approach, 

(c) rapid cross approach up to contact of the stylus tip with the template, 

(d) copy turning (tracing) at the first and second rates of feed, (o) rapid 
withdrawal in the longitudinal and cross directions, and ({) FEED STOP 
at any position, after which the cycle is resumed. 

Tho tracing slide panel includes the following doviecs; two directional 
valves, flow-control valves for tho first and second rates of longitudinal feed, 
cross feed flow-control valve with a pressure compensator, sequence valve, 
pressure compensator and solenoid-operated pilot valves. These solenoids 
and their pilot valves control the following; Sd, controls tho upper direction- 
al valve; Sd^ controls the lower directional valve and unloads the rapid 
traverse pump section during working feed and in tho STOP position; Sdj 
engages the second working feed; and Sdt engages the cross feed. The slide 
panel is designed so that oil is delivered to the slide cylinder either from 
the high-pressure pump section, tho Dow from tho low-pressure pump section 
being shut off, or from tho low-pressure pump section with tlio flow from tho 
high-pressure section being shut off , i, - . 

The hydraulic panel for extending and clamping the tailstock guill consists 
of three separate housings which contain the following devices- check valves 
of the high- and low-pressure pump section, and the reducing valve in the 
first housing; reversing valve operated by two spring-centred pilot valves m 
the second housing; and the quill clamping valve and flow control valve 
for quill retraction in the third housing. 

This hydraulic control panrl, in conjunction ivilh iLs pilot ™ 

lolloning lunclions: (a) rapid advooco of tho tailstock [t"'" 

tho initial to the middle position; (b) quill advance from tlio middle position 
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up to the point where the work is clamped between the centres; (c) sloppine 
and clamping of the quill; (d) unclamping of the quill and its retraction 
to the middle position; and (o) retraction of the quill from the middle to 
tho initial position. 

The tyo other panels mount pilot valves \^hich control all motions in an 
automatic cycle, and the check valve lor the high and low pressures. 

At the beginning o! an automatic cycle, the motor driving the hydraulic 
pump is switched on by pressing a push button (Table 49, operation ele- 
ment 1), and the mechanisms of the machine are set to the initial, or STOP, 
position (Table 49, element 2) using the manual (setting-up) controls. This 
position corresponds to tho hydraulic circuit diagram as it is shown in 
Fig. 29 J. 

In this case all the solenoids are de-energized and tho directional valves I 
and II are shifted hy their springs to the right and left positions, respectively, 
in which the valve spools close off oil flow to the longitudinal travel cylinder 
from the feed (low-pressure) pump section. 

The tracer valve is in the neutral position and its spool shuts off oil flow 
both to and from the valve. Oil from the feed pump drains back to the tank 
through tho high-pressure relief valve. 

The sequence valve shuts off oil flow from the rapid-traverse (low-pressure) 
pump section to the directional valves, and tho oil drains back to tho tank. 

The end of the longitudinal travel cylinder opposite to the one into which 
oil is to bo admitted is dosed and is under pressure, so as to avoid jumping of 
the carriage when the working feed is engaged. 

All the subsequent operation dements proceed in the sequence shown in 
Table 49. 

After tho blank is fed between tho centres and clamped and the loading 
member returns to its middle position (clomont 8). selector switch 2LLS (see 
Table 49) energizes solenoid Sdj (Fig. 292)* and oil is delivered from the 
low-pressure pump along pipeline to the upper end of the reversing valve, 
shifting it downward. 

Tho tailstock quill, together with tho blank and bcadstock centre, advances 
toward the headstock until the end of the blank runs up against the serrations 
on the face of the driving centre (element 9). At this, the pressure increases 
in tho supply system of tho tailstock quill. Oil flowing along lino ? and 
through tho grooves of tho reversing valvo spool passes through lino J to 
tho quill clamping valve, compressingits spring, and further through line JJ 
to tho upper ends of tho clamping cylinders. Upon this, the quill is firmly 
clampod. 


•The followins qtaplilcal srmbola are osra in Fip. 202 throosU 2SC. 

Ciicwil ow Itavcllini units; workine circuit on atatiooarj unil 

circuit. 


ttorkiog 
=r dram 
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Fig. 292. Advance of tlie tailstock quill to a positive stop (work runs up against tlie head- 
stock centre) and quill clamping (element 9, Table 49) 

The clamping of the blanlc between the centres and the clamping of the 
quill are followed by rapid longitudinal and then rapid cross approach of the 
carriage and slide (elements 10a and 10c). This takes place in the following 
way. In its extreme forward position, the tailstock quill operates limit 
switch 3QLS (Table 49), thereby energizing solenoids Sdi and Sds, (Fig. 293) 
and closing the magnetic starter to smtch on the spindle drive motor. 

Oil from the low-pressure pump section passes through the pilot valves 
operated by solenoids Sdi and Sd^, and is admitted to directional valves I 
and II whose spools are shifted to the extreme left and right positions, res- 
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pectively. Oil from the high-pressure pump section is blocked out of the panel 
since the middle land of the spool of directional valve II shuts the inlet 
port connected to line 21. From the low-pressure pump section, oil flows 
through the sequence valve, grooves of the directional valves and along 
line 3 to the right end of the longitudinal travel cylinder. This effects 
rapid longitudinal approach of the carriage. From the left end of the longi- 
tudinal travel cylinder, oil flows along lines 4, 5 and 6 and the groove of 
directional valve II, and is discharged to the tank. 

During rapid longitudinal traverse, the cross slide occupies its extreme 
upper position. 

At the end of the rapid longitudinal approach of the tracing carriage, 
limit switch ILS is operated (operation element 10c, Table 49). This switch 
energizes solenoids Sd^ and Sd^, and de-energizes solenoids Sd^^ and Sd^. * 

The springs of the directional valves shift their spools back to the previous 
STOP position. The lands of the directional valves block oil flow to and 
from the longitudinal travel cylinder so that its piston (and the carriage) 
will be stationary. 

The energizing of solenoid Sd^ releases the stylus valve spool and, under 
the action of spring a, the spool is shifted to its extreme lower position in 
reference to the housing of the stylus valve. This admits oil from the high- 
pressure pump section along lines 9 and 10 to the lower end of the cross slide 
cylinder. At this, the valve spool actuated by solenoid Sdt^ is in its left 
position where it permits oil to discharge from the other end of the cross 
slide cylinder, bypassing the cross-feed flow-control valve and thereby 
providing rapid cross slide approach. In this case, the oil flows from the 
cylinder along line 11, a channel in the housing of the stylus valve, line 12, 
the pressure compensator and line 13. 

Consequently, rapid approach of the tracing slide is controlled by the 
operating servomechanism, i.e., the slide is controlled by the hydraulic 
tracing stylus. If the stylus valve spool is in the lowered position in refer- 
ence to its housing, the pressure switch is not subjected to high pressure 
and is therefore not actuated. The cross slide travels downward until the 
stylus reaches the template. This puls the valve spool in its neutral position 
in reference to the housing, blocking off oil flow to the cross slide cylinder, 
while oil under high pressure is admitted to the pressure switch (Fig. 294). 

Upon being thus closed, the pressure switch transmits a signal for energiz- 
ing the solenoids to carry out the tracing process. 

The limit switch can be set up to provide the required sequence of feeds 
in each pass: either the first then second feed, or the second and then first 
feed, or only one feed, first or second. 


*Operation clomenls 10a and 10c arc combined in Fig. 293, and solenoids Sd^ and Sd^ 
arc not shown in the de-energized position. 
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Fie. 294. Tracinir (cony-liimiitg) a cylindrical surface at the Cret rate of working fi*cd 
(dement lOd, Table 49) 
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Tracing {copy-turning) at the first rate of working feed (element lOd, Table 49) 
is effected with solenoid Sd^ energized previously, and solenoid Sd^ energized 
by the pressure switch. As solenoid Sd^ is energized, the spool of direction- 
al valve / (Fig, 294) is shifted again to the left. The rapid traverse pump 
section discharges to the tank through the low-pressure valve, while oil from 
the high-pressure pump section closes the sequence valve and is admitted 
through grooves of the directional valves to the right end of the longitudinal 
cylinder. Oil from the high-pressure pump section also enters the stylus valve 
whose spool is in the neutral position. At this the flow-control valves and 
pressure compensator begin operation. They control the tracing slide posi- 
tion in accordance with the profile of the template (or workpiece). 

The position shown in Fig. 294 corresponds to the turning of a cylindrical 
surface (the stylus valve spool is in the neutral position). 

Oil passes from the left end of the longitudinal travel cylinder along lines i 
and 5, through the pressure compensator, along fines 6 and 7, through the 
first and bypasses the second longitudinal feed flow-control valve, along 
line 8 and through the valve of solenoid Sd^ (now de-energized) to the 
tank. 

Through grooves and line 12, the discharge end of the stylus valve is 
connected to the pressure compensator and the cross-feed flow-control valve. 
During tracing operation, oil dischargeis through this latter flow-control valve. 

Therefore, this position differs from the position for rapid crosswise ap- 
proach in that solenoid Sd,,^ is de-energized and the spool of the valve it actu- 
ates blocks free discharge of oil to the tank. 

Tracing {copy-turning) at the second rate of working feed is effected with 
solenoids Sd^, Sd^ and Sd^ (Table 49), in the energized position. The opera- 
tion of the hydraulic drive is similar to tracing at the first rate of feed, except 
that when solenoid Sd^ is energized (Fig. 295) its valve blocks oil discharge 
to the tank. As a result, oil from the first flow-control valve passes as well 
through the second flow-control valve before it is discharged to the tank. 

A command signal for rapid withdrawal of the cross slide is transmitted 
by limit switch 4LS (operation element lOe, Table 49) at the end of the cut, 
or pass. This de-energizes solenoids Sd^ and Sd^ (Fig. 296), and energizes 
solenoid Sd/^. When solenoid Sd^ is de-energized, spring h shifts the stylus 
valve spool to the upper position, compressing spring a. 

From the high-pressure pump oil is delivered along lines 9 and 11 to the 
upper end of the cross slide cylinder. The energizing of solenoid Sd,^ again 
opens free oil discharge from the lower end of the cross slide cylinder, by- 
passing the cross-feed flow-control valve. At this the cross slide traverses 
rapidly upward. Simultaneously with withdrawal of the cross slide, the main 
drive motor is switched off. The automatic cycle continues further according 
to whether the operation is to be done in one or in two passes. In the latter 
case, the corresponding operation elements are to be repeated. 










CHAPTER i7 
SPECIAL AND SPECIALIZED 
JIILLLVG JIACHINES 


17-1. Machines for Mljnng DWJ/ Flutes and 
Body Diameter Clearances 
Millingmachines for making the flutes and body diameterclearances of twist 
drills are of considerable importance in tool production since these operations 
are very critical in several aspects and require a high labour input. In accord- 
ance with the volume of production, these operations can bo performed 
in universal milling machines or in special automatic or semiautomatic 
machines. 

The flutes and the body diameter clearances are milled separately in a uni- 
versal milling machine- The application of special multiple-piece fixtures 
for milling drill flutes in a universal milling machine leads to a substantial 
Increase in the output of this operation. 

Special automatic or semiautomatic milling machines arc employed for 
this operation in large-lot and mass production. 

Existing models of special milling machines designed for this purpose 
operate by one of the following nays: 

(1) milling one flute and one body diameter clearance simultaneously; 

(2) milling two flutes simultaneously, lollor^ed by two body dianicJer 
clearances; 

(3) milling the flutes separately, then milling two body diameter clear- 
ances simultaneous!}’.* 

(4) milling both flutes and both body diameter clearances simultane- 
ously. 

infilling machines operating by the second method possess one important 
shortcoming: the flutes milled on the drill may not be symmetrical to the 
drill axis duo to insufficiently accurate setting of the milling cutters. 

3fachines which null one flute together with one body diameter clearance 
do not have this shortcoming The location of the flutes in this case depends 
only upon the indexing mechanism which, as a rule, ensures the required 
accurac}’. In this method, however, it is impossible to provide for the most 
e.xpedient speeds and feeds for the two form cutters which operate under 
quite different conditions The rale of feed is felecled to suit the fluting 
cutter since it is subject to the higher load. Feed selected oo this b3«i5 is 
comparatively low for the culler that mills the body diameter clearance 
since it operates with a relatively shallow depth of cut 
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The method of milling two flutes simultaneously and then two body diam- 
eter clearances simultaneously does not have this last drawback; feed can 
be selected to suit the depth of cut for each operation so that milling can 
be done more efficiently. 

The third method listed above, in which the flutes are milled separately 
and then the body diameter clearances are milled simultaneously, excludes 
all of the previously mentioned drawbacks. The construction of the machine 
and the setting up of the cutters are considerably simplified in this case. 

The most widely employed milling machines in twist drill production 
are special automatic or semiautomatic machines which mill one flute and 
one body diameter clearance simultaneously, after which the drill blank 
is indexed. 


17-2. Semiautomatic Driil-Fiute Milling Machine, 

Model 6793y 

Purpose, Gear Trains and Construction 

Model G793y is a special semiautomatic machine for milling the flutes and 
body diameter clearances of twist drills from 24 to 40 mm in diameter and 
with a helix angle from 20° to 33°. One flute and one body diameter clear- 
ance are milled siraultaneousljL After indexing the blank through 180°, the 
same operations are repeated for the second land of the drill. The maximum 
length that can be milled is 400 mm. 

Two form milling cutters are used: one for the flute and the other for the 
body diameter clearance. The process of milling each flute together with 
its body diameter clearance consists of three operation elements; rapid 
approach of the blank to the cutters, working feed of the blank and rapid 
withdrawal. In addition to its straight-line motion, the blank is also rotated 
so that milling is carried out along a helix. 

When the first land has been milled the blank approaches the cutters 
for milling the second land after being indexed through 180°. When the 
second land has been completed, the machine stops automatically. 

Each cutter is driven and the working feed and rapid traverse motions are 
effected by separate electric motors which are switched on and off in accord- 
ance with the given processing procedure by limit switches (in-travel con- 
trols). 

The cutters are advanced and withdrawn from the blank hydraulically. 

A general view of this flute milling machine is shown in Fig. 297. 

Base 5 of the machine is a rigid casting of rectangular shape. Bed 1 is 
mounted and secured on special machined pads on top of the base. Spindle, 
or work, head 2 travels along ways at the left end of the bed. At the right 
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end the flute and clearance milling heads {3 and 4, respectively) are ar- 
ranged, as well as the hydraulic pump and cylinder. 

The gearbox is mounted on the left end, and the screws for traversing 
the spindle head are mounted inside the bed. 

The fluting cutter is driven (Fig. 298) by flange-type motor Mz (1 kW, 
950 rpm) mounted directly on the milling head housing. Cutter speeds can be 
varied by change gears in a range from 82 to 185 rpm. 

Rotation is transmitted from flange-mounted motor Mi (1 kW, 950 rpm) 

through worm gearing ^ to the spindle of the clearance milling cutter and, 

simultaneously, through a silent chain, to spur-gear pump 6. 

Working feed of the spindle head is powered by flange-mounted motor 

Mz (1 kW, 950 rpm) through gears ^ ^6®^^ change gears -j , worm gearing 

d 30 37 G2 

gg , bevel gears of the differential gearing gg , gearing gg ^ ^ 

screw with R.H. thread and a pitch of / = 8 mm. 

Electric motor (1.7 kW, 1,470 rpm) powers the rapid approach and 
withdrawal motions of the work head. In this case, the lead screw is driven 

by this motor through worm gearing the differential (gearing ratio ^1 
37 62 

and the gearing ^ X ffi- 

Since the drill flute is milled along a helix, the work spindle is rotated 

28 ^4 

during its travel from the lead screw drive through the gearing -q X ^ 

(where C is the number of teeth on the change gear) and the herringbone 
24 

gears ^ . 

The flute and clearance milling heads have a rocking motion that enables 
them to be set to the depth of cut before the working feed begins and to be 
retracted from the machined surfaces during the rapid return traverse of the 
spindle head. 

The heads are set to their working position by pulling them downward. 
This rocking motion is effected by cams mounted on shaft /, which is rotated 
periodically by a hydraulic cylinder through a rack-and-pinion drive. The 
left-hand cam actuates the roller of rocker-arm 10. The latter is linked through 
tie-rod 4 with the flute milling head which it swings downward. The right- 
hand cam actuates the roller of rocker-arm 8. This moves tie-rod 5 which 
is hinged to gear rack 3. The latter, in its motion, rotates a double gear 
which meshes with and shifts rack 2. This last rack is hinged to the clearance 
milling head. The two heads are returned to their initial upper position 
by spring action. 

The web of the drill is tapei’od (to increase its strength) by an amount 
equal to 1.4 mm per 100 mm of length. This taper is obtained by gradually 
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raising the iluto milling cutter in the course of its operation. For tliis purpose 
a nut is rotated from the second screw through a chain drive. The tlireaded 
end of shaft 11 screws into the nut so that the shaft travels axially. Secured 
on the other end of this shaft is a wedge against which another roller of rocker- 
arm 10 hears. The height of the wedge is reduced toward the right end of 
shaft II so that rocker-arm 10 is raised hy the spring as the shaft moves to 
the left. The milling head, together with tie-rod 4, is gradually raised hy 
spring action and, as a result, a tapered web is milled in the drill. 

It is also possible to retract the milling heads from the work manually 
hy turning shaft III with a crank handle. This rotates screws 9 and 7 through 
the spiral gears, leading to movement of rocker-arms 4 and 5 and hence 
raising the milling heads. 

The machine is operated as follows. Upon pressing the START pu.sh button 
{2PB, Fig. 299), motors Mi and (Figs. 298 and 299) are switched on, 
as is the motor of the hydraulic system pump. At the same time, motor 
Mu is switched on and it rapidly advances the work head from its extreme 
rear position to the initial working position. The START push button is 
hold down until dog A (Fig. 297) releases the lever of limit switch LSs 
(Figs. 297 and 299) which serves to .stop the machine after the drill blank 
is machined. 

At the end of the rapid approach of the work head, an adjustable dog, 
arranged in front, operates limit switch LS/, (Fig. 299). This switches off 
the rapid traverse motor M 5 (Figs. 298 and 299), At the same time, the so- 
lenoid of the valve for changing over the hydraulic system is de-enorgizod. 

A rack, linked to the piston rod of a hydraulic cylinder, is actuated. It 
turns a gear and, consequently, a shaft with plate cams. The latter, through 
appropriate lever systems, advance the cutters to the blank, i.e,, to the 
working position. This motion releases the lover of limit switch LS 3 by 
moans of which the working feed motor M^ and the coolant pump motor il /4 
arc switched on. 

At the end of the working feed, a dog operates limit switch LSq and these 
motors are switched off. At the same time, the solenoid of the change-over 
valve is energized, the cutlers are withdrawn from the work, limit switch 
is operated again, and rapid traverse motor Mr^ is switched on. The 
woi'k head is rapidly withdrawn to its initial position. 

Indexing of the work through 180° takes place during this rapid withdrawal 
of the work head. To accomplish indexing, the gear train linking work head 
travel with spindle rotation is disengaged in the following manner. 

The shaft of the fork for controlling clutch Cj (Fig. 298) is brought out 
at the rear of the work head, and lover 1 with a handle is mounted on its other 
end. Upon work head withdrawal, a lug of this lover runs up against stop 11. 
This turns the lover and clutch Cj is disengaged from herringbone gear 9QT. 
Thus, the work ceases to revolve even though the work head continues to 




Fig. 300. Flute milling head of the semiautomatic milling machine; 

i— draw-ln 1)011; "—clianao aonr; ,5— lip.id housing; 4— fl.nngc-mounted electric motor (1 hW, 050 rpm); 
.'5— pivot of the head housing; 6— screw for setting the cutter to the flute depth; 7— dial showing the 
ninomit of cutter adjustment; s— screw for clamping the dial; 5— stop; JO— flute cutter spindle- jj — 
spindle he.aring; J2— spring-loaded stop; J.i— spring for raising tlic mllilng l\cad; I4— eccentric sleeve, 
for selling the cutter in reference to the blank .axis; tie-rod for raising the head; Jc— screw for 
clamping tlie head; 17 and JS— segment gears for tilting tlie head; jo— screw for clamplne- the head; 
ro—slinft witii itucgr.al pinions for tilting the head 
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travel to the left (witlidrawal). Lo\’er ] continues to turn until its screw 
^vings stop 12 downward. This releases lover 1 and a spring forces clutch 
6, hack into engagement with herringbone gear OGT. Engagement occurs 
after the gear has turned through 18(y* since the gear and clutch C, each 
has only two teeth. 


At the end of the rapid withdrawal motion (at the point of the imlial 
working position), a dog operates limit switch LS-i to switch off rapid traverse 
motor il/g. After this, the cutlers approach the work, and the working feed 
motor M 3 and the coolant pump motor are switched on. I>ue to the 180° 
lag in spindle rotation in the helical motion gear train, the work turns out 
to bo inde.Tcd through ISC'*, in reference to the first pass, when it approaches 
the cutters again. 

The cutters now begin to mill the second flute and bodv diameter 
clearance. 

At the end of the second working stroke, when limit switch tSg enorgircs 
the solenoid of the change-over \alvo and the cutters are withdrawn from 
the work, the work head is nillidrawn to its extreme left initial position 
where its positive stop operates limit switch LS^ and all motors of the machine 
are switched off. Then the operator removes the milled drill blank and mounts 
a now blank. The cycle is repeated by pressing the STAHT push button 
again. Emorgency limit switches LSx and LSz are provided as a safety moa- 
suro to restrict work head travel at the o.xtremo positions. Emergency limit 
switch LSs limits rapid approach of the hcail. 

The flute milling head (Fig 3(W) is mounted at the front of the base on 
a specially machined pad. Its mam paris—the upriglit and the housing— 


are made of cast iron. 

The assembled housing is pixoted on an ailo hotwocn the cheeks of tho 
upright. 

Screw with dial 7 enables tho fluto to be miJleti to tho required depth 
with a high degree of accuracy 

Tho clearance milling head (Fig 301) is located on inclined ways at the 
rear part of tho base. , , 

Tiio head can be adjusted together with the upper housing to vary the 
width of the margins in milling tbo body diameter clearances. The depth 
ol Iho clearance can bo sol up m suit tho she of dri/f tiemg manu/acluroil 
by moans of screw d and dial 5 mounted on tbo screw 
Tho sp.ndio, or work, head (Fip 302) IratolsulonBa doiola.l way in winch 
o.xcess clearance is taken up by adjusting taper gio /-. j 

Tho rear guide is of the remoxablo type to allow the nork head to bo 
mounted on tho base way from aboxo. , , , » 

A nut providing for lonpitudinat travel of tho work head is ..ocnroil under- 

ncath. 


29-0619 
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Setting Up the Milling Machine 

The model 6793y semiautomatic milling machine is set up to data ob- 
tained by means of the following formulas (see Fig. 298). 

Setting up the lead of the flute helix 




96 

24 


w 48 C , 
^ 24 ^ 28 ^ 


mm 


where P = lead of the flute helix, mm 
i = pitch of the lead screw, mm. 

After substituting the value of the lead screw pitch {t — 8 mm), we obtain 


P 


me 

-Tj— mm 


Then, solving for the number of teeth of the change 'gear 

C = -^P = 0A87P 
10 


Since the lead P (mm) is related to the drill diameter d (mm) and the 
flute helix angle ei by the formula 

P = jtd cot CO 

then 


7;r 


10 


r-d cot ( 0 ^ 1 . did cot CO 


Setting up the feed. In setting up the gear train for the feed motion, i.e., 
the rate of feed of the work past the cutters, a certain feed per cutter tooth 
Sz is assigned. Then the feed per minute is 

where the number of teeth z of the cutter and its speed Uc in rpm are known. 
Since the feed per minute is determined by the relationship 

^ _ ^tdnj, 

om r — — — 

Sin <0 

speed of work rotation, rpm 

developed length of the flute per revolution of the blank. 


where n^ 
erd 


sill (O 


the required work speed is found from the formula 




Up, Sin w 


( 


or n,,= 


SzZiic sin 0 ) 


.'td \" STd 

The feed gear train equation for model 679.3y (see Fig. 298) is 


m,- 950 X X X X — X X ^ X 


_ 1 _ 

.38 


37 

74 


28 

C 


24 

48 


24 

96 


73,150 a 1 
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Thon, substituting 

_ ^nisinu , ^ 7.1 , 

flnd C«— d cot cj 

we obtain 


from which 

where a and 


sin <0 _ 73.150 a .. ICtanw 42.3Jant> a 
•id 3.953 


a ^ SnCOict 

b ■“ 4J.J 

h are the numbers of teeth on the feed change gears. 


17-3. Semiautomatic Tap-Fiute Milling Machine, 
Model GB-1M 


Purpose and Conitruetlon 

This machine is intended for milling straight flutes on taps of all typos 
listed in the USSR standards in a size range from 10 to 50 mm (raolric thd), 
for milling straight-flute hand and machino reamers, uith regular or irregu- 
lar spacing in a range from 10 to 40 mm. as tNcllas the slots for blades in the 
bodies of insertod-blado milling cutters in a range from 75 to 150 mm In 
diameter. 

The version of model GB-IM intended for milling lap flutes is to be con- 
sidered below. 

Model 6B-1M (Fzg. 303) is a hydraulic 8-po«ilioii semiautomatic milling 
machine and is designed for milling stniighl flutes \Mth regular or irregular 
spacing on taps and other tools. 

The working feed and rapid table withdrawal, culler ad%anco to the work- 
ing position and retraction at the end of the operation, indexing and clamp- 
ing of the blank are all accomplished by hydraulic means. 

The machino consists of the folloxving main units, base. lal»lo, milling 
head, hoadstock and tailstock, coolant system, hxdrnulic power unit nini 
electrical equipment. 

Data on this machine are given in the lolioxving spccilitation.^. 


Ctiel Specifications ol Semiautomatic .Milling .Mocliine. Model CR-I.M 
Ranees of sizes of tars milled (metric tlidt 
lower range .. . 

upper range . 131 to I 0 

Length of taps accommodated, mm 
Maximum length milled, mm 
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Number of flulos mil]od on tool blanks: 

ininimum 3 

maximum 25 

Number of blanks milled simullaneously 4* to S 

Spindle speeds, rpm 250 and 300 

Working feeds of the table, mm per min 15 to 500 

Speed of rapid table witlidrawal, mm per min .... 1,300 

Power of main drive motor, kW 4.5 or 7** 


*In tlic .size miiRC from 'lO to GO inm, 4 tap blanks arc milled simultaneously. 

Special spacers must be put between the centres of the tree .spindle quills to ensure 
proper operation of the hydraulic .sv.stem. 

**The 7-k\V motor is Installed on machines which arc to handle the upper 
size ranKC (M24 to MGO). 

Tlio cullors aro retracted from the machine surface by a rocking motion 
of the milling head with the cutters. Bosses provided for this purpose on 
the head have pins fitted in their holes with a force fit. These pins pivot in 
the holes of an upright rigidly secured on the base. 

Mounted on the top surface of the milling head housing is a rigid overarm 
on whoso front end a boss with a trunnion is provided. The axis of the trun- 
nion coincides with the axis about which the milling head rocks. 

The trunnion outers a hole in a bracket mounted on a pad on the front 
wall of tlio base. The push-button control panel is mounted on the front 
surface of this bracket. A dovetail guide underneath the overarm carries an 
intormodialo support for preventing bending of the cutter arbor, and an 
end support in which an antifriction bearing is mounted for holding the 
second end of the arbor. 

This construction possesses sufficiently high rigidity for the operations 
that are performed. 

The spindle of the milling head runs in roller bearings and is powered 
directly from an electric motor through a V-belt drive. 

The spindle speeds indicated in the specifications are obtained by means 
of a change pulley installed on the motor shaft. 

Tlie depth of cut is set by turning handwheel G (Fig. 304ff) using the scale 
on Ihimble 7 graduated in 0.05-mm divisions. The end of screw 9 boars 
on spliorical washer 13 whicli lies in the recess of stop 14. The latter is press- 
fitted into upright 15 which is fastened to the base. 

Lover 70lwith ball click 11 servos to lock the screw in the set-up position. 

The milling head is raised and lowered by hydraulic means (bhg. 304b). 
Tliis is accomplished by hydraulic cylinder 16, secured to the base, whoso 
piston 17 imparts a rocking motion to the milling head housing through rod 
IS and link 19. 

Base 3 of the machine (see Fig. 303) is a hollow box-shaped casting with 
a top plate for mounting the milling head upright 5 and the motor base. 










Fig. 305. llcadstock of tfio model ••B IM M-niiautnmalir miUing machim 


centres (as has the Iieadstock) and is rigidlj* secured on the pad of the table. 
The headstock can ho adjusted along the table to suit the length of the taps 
being milled. 

Eight quills 2 (Fig. 305), on winch integral gear teeth have boon cut, can 
ho oitonded or retracted in borc« of headstock hoa«ing I The quills fit in 
the boros with a slide fit. The gears of the «ets of four quills on each side are 
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Fig. 300, indc.xing jnoclianisin 


conslanlly in inosh and can bo lurnod by gear 15 (Fig. 306) of the indexing 
inoclianism, arranged in the central part of tlie headstock. 

Indexing is carried onl in Uio following manner. Two pistons 21, arranged 
in blind-boro cylinders 20 that are secured in boros of housing 6 (Figs. 305 
and 306), .shift rack 17. This rack meshes with pinion 18. Lever 75, carrying 
pawl 14. is keyed on the hollow sliank of tlie pinion. When rack 17 is shift- 
ed, pawl turns index plate 13. This plate is mounted on shaft 16 of cen- 
tral driving gear 15 wliich transmits the indexing motion to the headstock 
quills. 

The machine is sot up to mill tlie required number of flutes by moans of 
indexing plate IS whoso rotation is limited by the travel of pistons 21 to 
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posilivo stops 22. These slops can he adjusted to ensure accurate iniicxinc. 
ihe provision of spare travoi in the retraction of pawl I-i enahles flutes ^ith 
irregular spacing to be obtained if the corresponding indexing plates are 

Driving devices with a square socket accommodating the square of the 
tap are inserted in the taper holes of (ho quills. This feature locates the tap 
blank in roferonco to the quill. Tbo quills are hold in the extended po«ition 
by the action of springs 3 (Fig. 305). During (lio working feed, they are 
held by oil pressure. This is accomplished by pistons 7 which are mounted 
in bores of rear housingil. These pistons bear against the end faces of the gears 
on quills 2. The quills are retracted for mounting the blanks and removing 
the milled workpieces by individual lovers $. 

Hydraulic cylinder 10 is mounted on the lop surface of Jioiising 1. TJio 
force e.xerted by piston 12 of this cylinder is transmitted through rod 11 
and the flange of thrust bushing^ to lovers 4. By mean** of links 9 these Ie\er« 
clamp the two middle quills in each group of four, 

Eight tap blanks up to 40 ram in diameter are miffed simuf(aneou«fy 
by eight fluting cutters mounted in a gang on the milling arbor. Taps from 
■40 to GO mm in site are milled lour at a lime. In this case, spaccr-s must ho 
pul between the centres of the free quills. 

After the milled workpieces are removed, now lilanksaro loaded ami tlio 
raachfno is sl.trted oa the automatic cycle, the Jollowing operations are 
performed: unclamping and indexing the quills, advancing and clamping 
the quills, lowering the cutters, working feed, raising tho cullers and rapid 
return of tho table. Tiicn tho cycle is repeated. 


HjirauUc Ctrevit of the JUt/hag MacMae (Ftg. S07) 

Tho functions of tho hydraulic circuit inclucio workinc food and rapid 
traverse of the table, lowering (.ipproacb) and raising (withdrawal) ol the 
milling head, indexing and clamping of tho Ijeadstock quills. 

Vane pump I (typo delivers oil through plato filter 2 to the hy- 

draulic systom. Tho pump is powered by a l-kW olcclric motor ruaumff at 

\l.o'’miximura pressure in tbo systom is limited hy halancrd-pislon relief 
valve d. Tho normal pressure is IS Kc per s, cm. In makin); adjnstme its 
tho pressure in tho hydraulic system is chocked on pressure Rauco 3 lUter 
setting tho operating presstmo llio gauge is shut oil hj means of a siint-on 
valvo built into tlio pipe connection Oil is ndimtled into cjiinder W to 
raise tho milling head tlirmigh J"'', ' /? «Ln the sofenoiil 

In tho oxtreme upper sp.S^ II, rough check 

"altTrfotk^reS'urTvn.r?* ?nraYp.s.„re "iO to ,2 kg per s, cm, 
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fs re 17 18 

Fig. 307. Hydraulic circuit of the model 6B-1M semiautomatic milling machine 


from whore it is admitted to the lower (head) end of cylinder 19. This retracts 
the cutters from the blanks. In the end position of the milling head, when 
the oil pressure increases, oil from four-way valve 13 overcomes the force 
ol the spring and shifts the spool of valve 14. This admits oil through check 
valve 20 into the left (head) end of cylinder 21 for table traverse. At this 
1 10 ta 0 rapidly returns to its initial position. When the pressure reaches 
a value at which pressure switch S is operated, the solenoid of four-way 
valve 13 is energized. As a result, the spool of this valve is shifted downward, 
compressing the spring, and oil is admitted to the upper (rod) end of cylin- 
der 75 so that the milling liead is lowered to the preset depth of cut, bearing 

shift ini occurs, the oil pressure increases again, 

""""i admitting oil into the right (rod) end 
91 a • working feed motion. From the left end ofcylinder 

-^7 oil drains through pressure-compensated How-control valve 16 This valve 
provides for a stable working feed and the possibility of stepless feed regu- 
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Thus, the required definite sequence of operation*!, consislinp of cutter 
approach /ofJou-ed by the worh/nq feed, and cutter retraction foIfoMed by 
rapid table withdrawal, is effected by the part of the hydraulic circuit de- 
scribed above. 

Oil is also admitted into the quill clamping cylinder and indexing mecha- 
nism through solenoid-controlled four-way \al\e 5. 

When the solenoid is de-energized oil is admitted to quill-advancing cylin- 
ders 22 and quill-chmpins C5'l/nder//. After the quills ba\c been clamped, 
the pressure in the system increases until the spool of sequence valve 7 with 
the chock valve (normal pressure 10 to 12 kg per sq cm) is shifted upward, 
thereby admitting oil into cylinder 2 of iho indexing mechanism. The piston 
is shifted to a positive stop, returning the mechanism to its initial position. 

When the solenoid of four-way valvo 5 is energized, its piston compresses 
Iho spring and is shifted downward, admitting oil to cylinder 20 of the index- 
ing mechanism. Oil from cylinders and 12 is then discharged to the tank, 
thereby unclamping the quills. 

The travel of the piston in cylinder 10 actuates the lndc.xing mechanism. 
Oil drains from cylinder 2 through a check valvo back to the tank. The 
piston is shifted up to a positive stop and consequently the pressure in the 
system increases until the piston of sequence xajve 0 with a check valve 
(normal pressure 14 to 10 kg per sq cm) is shifted upward, admitting oil 
into pressure switch 8 (normal prc«sure 16 to 17 kg per sq cm). 

The action of the pressure switch energizes the solenoid of four-way val\o 
IS, after which the milling head is lowered to the working position and the 
working feed is imparted to Ibo table. 

Tho hydraulic .«ystcra is to bo filled with clean, carefully riUoreti mineral 
oil, grade Industrial 20 or Turbine 22 (Turbine vl). 

Tho hydraulic system c.an operate properly only when the oil tempera- 
ture is within tho range from lO" to uO^C. 


Milling Machine Operation 

The controls arc arranged on tlio control panel mounted at tho front of the 
machine. The electric circuit provides for .olling-up operation ivitli in.vnu.il 

controls and lor regular operation mill auloroalic controls 

In operation ivilli manual control, tho tahle is logged hy holding doiin 
the FORWARD or RETURN pu-'b button The INDi.X pu«h button 
unclamps tho quills and operates tho indexing rnecham^m. 

The blanks are milled using the automatic cycle of operation. 

Tho electrical control® incorporate all required interlocking and protecting 
doC-fcos 0 the efectrical equipment Thus « '7'.!;. 

to tho AUTO (automatic cycle) posilion. the FORWARD, RLTLR.N .and 
INDEX push buttons are interlocked. 
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The automatic cycle consists of a series of elements whose sequence is 
ensured by the operation of the corresponding items in the hydraulic system 
and electrical equipment: 

(a) The quills are undamped and the blanks are indexed after a flute 
has lieen milled on the blanks, the milling head has been raised and the table 
has returned rapidly to its initial position. To accomplish this, a dog fastened 
on the table operates a limit switch which energizes solenoid Sd^ (Fig. 307), 
making the required change-over in the hydraulic system. 

(b) This is followed by the advancing and clamping of the quills, lower- 
ing of the milling head and return of the indexing mechanism to the ini- 
tial position. When the pressure switch operates, solenoid Sd^ is de-ener- 
gized and solenoid Sd^ is energized. This changes over the hydraulic sj’-stem 
to effect the given operations. 

(c) Working feed of the table takes place after solenoid Sd^ is energized 
by the pressure switch, beginning when the milling head has been lowered. 

(d) The milling head is raised and the table returns rapidly to its initial 
position when the second dog fastened on the table operates a limit svdtch. 
This de-energizes solenoid Sd^, making the required change-over in the 
hydraulic system. 

The control system makes provision for switching on the electric motor 
of the hydraulic pump when the machine is switched over to the automatic 
cycle. In operation with manual controls, this motor is switched on when 
table travel and the indexing mechanism are engaged. In operation on an auto- 
matic cycle, the machine is automatically switched off when the preset 
number of flutes have been milled (consequently, after the required number 
of indexing operations). This number is counted off by a pulse-counting 
relay (PCR) set to the required number of flutes (from 3 to 25). This relaj^ 
can be reset to initial position, if the cycle is interrupted for some reason, 
by pressing the reset button (R). 

The control devices are accommodated on two panels housed in a cavity 
of the base. 

Cutting fluid for cooling the cutters is delivered by a pump (type Mfl-22) 
powered by a 0.125-kW electric motor running at 2,800 rpm. The pump motor 
is switched on and off together with the cutter spindle drive motor. 

The cutting fluid is delivered to each cutter, and it washes the main part 
of the chips into the chip collector. 

17-4. Semiautomatic Three-Position Milling Machine, 

Model MM-IO, for Milling Helical Flutes of End Mills 

This milling machine (Fig. 308) is intended for milling the helical flutes 
of end mills 20 to 60 mm in diameter with irregular tooth spacing (according 
to USSR Std GOST 8237-57). The machine can also be used for milling 
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the straight or helical (lute? of core drills, reamers and other similar tools 
with either regular or irregular spacing 
This is a specialized machine designed on the basis of the unnersal hori- 
zontal milling machine, model 0I1S2. 

The principal specialized units are the attached tilting table, thrce-spirdle 
headstock, inde.xing gearbox and the air-operated laLI<tock«. 

The attached table (Fig. 30*.') is of cast iron: three T-«tot5 in the top of 
the tabic are used to secure the tailstock? at (he left and the three-^pirdle 
headstock at the right. The end-mill blanks are held betTiTcn the centre^ 
of the headstock and taiUtocks. 

The indexing gearbox, effecting simultaneous indexing of all the blank' 
after each pass, is secured to a flange of the headstock 

The tailstocks can be adjusted along the top surface of the table to suit 
the length of the blank and the helix angle of the flutes 

The attached table is pixoted on the standard table of the machire «o 
that it can be retracted to prevent wear of the relief -urfac»'' on the cutter 
from rubbing against the work during the return stroke of the t.ible, 1 in .7.? 
servos as the pivot and right-hand support of the table "nii* pin i* mounted 
in bracket 34 which is secured in the T-slols of the standard table. 





Fig. 309. Attached table with the headstock and tailstocks (model Mli-10) 
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The mechanism hr lowenag the table consists of Ifio cam mochanism 
and bar 52 secured to the column. Adjustable dogs 31 are set up alonir the 
slot oMhe bar to suit the length of the flute being milled on the blank. Ro- 
llers 5/ » bearing on cams 3G, are freely mounted on shaft 3$ ^Iiich is nssem- 
ort ^ A*' attached table (Section ^-£). The cams are fastened on shaft 
29 uhicb rotates freely in the bearings of bracket 38. The latter is secured 
on the standard table. 

Lever 35 with press-fitted pin 30 is mounted on the end of shaft 29. At 
the end of the return stroke of the table, pin 30 runs tip against left-hand 
dog 5/, thereby turning the cams uhicb raise the table to set in into the 
horizontal position corresponding to the working stroke. 

At the end of the working stroke, lever 35 meets the right-hand dog, turn- 
ing the cams so that rollers 37 drop into recesses of the cams. This leads 
to lowering (tilting) of the attached table ufiich is then rapidly returned. 

Rests 2 and 5, supported by springs 3 and 4 in the left-hand pari of the 
attached table, relievo part of the load acting on the louering mechanism. 

. The standard labJo of the machine can be swivelled logether uilh the 
attached tahlo to an angle that depends upon the beIi.T angle of thofluies 
being milled. 

TkreC'SpindU iicadstack. Three spindles 10 (F/g. 300) are mounted in an- 
tifriction bearings in housing 22. These spindles are driven through norm 
gearing, 27 and 24. from the indexing gearbox. The front support Is o tap- 
crod-bore roller bearing 2/ with clearance adjustment fitted on the tapered 
iournal of the .spindle. This arrangement allous fine adjustment of the radial 
clearance. The application of a be.nring of this typo also increases the ri- 
gidity of the spindle unit. Chuck 15 mlh a floating centre is inserted in the 
front end of quill 16 which k mounted in the boro of spindle 10. Torque 
is transmitted from spindle 19 to quill 16 through feather 23. 

To mill helical flutes, tho standard table is swivelled to an angle equal 
to the heli-v angle of the flutes. Therefore. quiUs 16 must be extended diHereiit 
lengths so as to align the blanks with the gang of cuttei^. This is accom- 
pUshccl by threaded slec\cs 25 screwed on thread provided for this purpose or. 
tlio quills Wicn harulv^heol 26 is rotated tho quill is adju-^lcd axially .\fier 
extending tho quill as required, it is clamped in reference to spindle 

bv collet /5 which is closed by turning nut 77 , . o/, 

The axial load on the spindle is earned by ball thrust bearing -0 

The indexing gearbox (Fig. 310) ts designed for aulomatically indexir; 
tho blank? through a preset angle. U is also a trawmis^ion unit for lin^izc 
rotation ol the lead screw in the standard table with rotation of the hbrv> 
in milling belical flutes . i. i / r ...> 

The indexing gearbox is mounted on a flange of the hcadjtock (-ee F. . . 

The blanks are indexed by wean, of imlex plate 1 (rij; 3I( I, th,-. ar. 
rotated for indeiinp by electric motor JS ..Uicli run. conttnuon.ly 


30-0049 
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Indexing occurs at (ho monionl when Ihe tahlo stops at the end of the 
Dlurn (idle) strode. A timc'deJny relay is cnerff/zed at (his point and, after 1 
^ clapped, il enerffizes solenoid 13 uhich polls lockinc 


return ( 

to , . , . . 

memher 16 out of the slot of index pJa(e /. 

Spring 23 shifts sliding slce\e 21 together v^ith worm 3 axially to engage 
cone clutch 25. Tho axial motion of worm 3 starts rotation of Asorm ^\heel 2 
and, after tho conical surfaces of the dutch come Into contact, rotation 
of worm wheel 2 and index plalo 1 is po'vered by motor 2S. 

As tho index plato begins to rotate, (bo lower, fol/ooingcdgo of the locking 
slot engages tho hovelled end a of locking memher 16 pudiing it hack an 
additional amount. This turns shaft IS on xvhich forked lever 32 T\lth adjiijt- 
ing .serous 33 is mounted. The screw of (he upper Io\er acliiate« ram 35 
and tho bevel of this cam operates limit snitch 31 which de-cnergircc sole- 
noid 13. 

Tho inde.x plate is mounted on llio end of thrust Lu«liing5 which f« powered 
hy tho 0.27-klt’ motor, running at I.-IOO rpm. through gears 2T and 26. cone 
clutch 25 and worm gearing 3 and 2. 

Tho number of slots and iboir angular spacing on the index plate must 
correspond to tho number of flutes on (he tool being milied and their angu- 
lar spacing 

Therefore, tho nngul.ir velocity of the inde.x plate musl corre.«pond to 
(hat of tho rotating blanks For this purpose, driving shnll 10 of the three' 
spindle headstock is powered from worm wheel 2 tlirough phinetary gearing. 
Axles 1 of planet pinions S in (hi« mechanism are fixed in the flange of thrti*( 
hushing 5. Thc'c axlo.s are fastened to worm wheel 2 hy means of .'crew? 12 
and dowel pins 21 Sun gear 0 of the planetary gearing i« mounted on the 
slx-splined end of drivingshafl 70 of tho headstock. 

Tlie rAtio of llio planelary goariiiK {j,i = ~) coinrrnMIrs tor tlio ratio 
of tho worm gearing, 27 and 2‘f (r:r, 300), \iliicli Iran.'rnifj 
rotation from llto driting shaft to spindle /» oi the hrailstorV, so llial the 
overall transmission ratio »s 




tvhon the hlanhs hare hoon indcied. lorhing monili'r )C tFic SIO, t* 
pushed hv spring fd into the neat slot ol llie irn oa plate: tins turns tori, 
lovor S2 in iho oppos.te d.rertion .so that lim.l s» .Id. dd lran.n..ls -/enj.nan, 
signal to suitch on the feed di.ae n.olor. ,\s a result, the oad -"0 ' Jeg'"' 
rotating and irators.ng the table. Tl..s part o the rsde .. the uorUng bed. 
and tho helical flule.s are milled on the hlanks. 

In ll.i.s case, rolalion is transmitted to driving shall 
screw through a number ol gears «.lh an overall rat... i = 1 Iflg. JH). 
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2 3k S 6 7 8 7k70rpm 



Fig. 311. Gearing diagram of the specialized units in the model MH-10 milling machine 


feed change gears a, 6, c and d, jointed coupling 31, worm 11 and worni 
wheel 6 of the indexing gearbox (Fig. 310). Since cone friction clutch 25 
is disengaged and index plate 1 is locked, planet pinions S^serve as 
intermediate gears transmitting rotation from internal gear 7 to sun 
^G3.ir 0 

Setting up the gear train to obtain the required flute lead (Fig. 311). The 
gear train can be represented by the equation 


P = 1 X — X 


JL- l2£SLx ~ Xi 

~3ini ^10 ^ “11 ■^IZ 


where P — lead of the helical flutes, mm 
t — lead of the lead screw, mm. 

Substituting the values of the number of teeth from Table 50 and the 
value of t (6 mm), we obtain 

a ^ , c 180 

T 
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TjiBLE so 


No, In 
tlie dla- 
cram 

(rig. 311 ) 

Kanw 

i 

1 Numhfr rf 

1 t«ta , 

2 

Worm wheel (L.fl.) 



tVorm (L.I1.) 



tVorm wheel (external) 

Internal gear 

45 

CO 

4 

Gear 

S 

Uorm wheel 


6 

Worm 

t-start 

/ 

Gear 


3 

Gear 

DO 

$ 

Change gears 

35, 40, 45. 50, 

55, 50, 65, 70, 

75, 60, 83, 00 
and 100 

20 

Worm 

2*st3rt 

21 

Gear 

24 

22 

Gear 

3S 


^^’llen alJ tbc flutfs have been oijDed and, con.'p^uentJy, after Index plate / 
raakos one /uli revoiujion (Fic. 3f0). earn 17 oetuafes pin /S which operafe? 
roller iP of limit sviitch 20. The latter stops tho macbine. 

Tho machine is set up to index the required number of iluies hy merely 
installing an index plate with the required number of slots. In installing 
tho plato it is necessary to align tho locking member xiith the slot in the 
plato and tho keynay in the plate with tho key on the shaft. To accomplish 
this, tho shaft is turned by putting a crank handle on square shank 22 at 
the end of the worm shaft and turning as required. 

Cam J7 is set up on each index plate so that after one revolution of the 
work (after milling all the flutes) and after operating roller 7P of limit switch 
20, the cam will turn through an angle of 15* to 20* before tho machine 
stops. 

The rubbing parts of the indexing gearbox arc lubricated by built-in 
pump SO which is driven through gears 20 and 20 
The taihtocks (Fig. 309) are operated by compressed air at a pressure of 
p = 4.5 (0 5 kg per sq cm. The blanks arc mounted between the centres and 
tho milled work is removed by hand 
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1)1 inounling Iho binnks, l.bo lloaiing conlvcs of iho lioixlslock aro pusbod 
back otic al a liiiKs. Tlimi l.lio blanka aro ciainpofi simulfanoously by Uirning 
lov(sr / f)f Uio aulomatic air valvo (Fifj. 308). As i)istoii JO (Fig. 800) travels 
downward, tlio wod(^o-sha pod oiid of rod .77 boars against roller J2^ fitted 
into !i slot of (|nill /.?, poshing forward the cjoill togotlior with contro 77, 
tho hbink jmd tho floating contro. Sprijig 7 returns tbo (jnij) to its roar (ro- 
tractod) position. Tho flutes aro milled by tho climb-cut method so that 
tho foiid ))ressuro is carried l)y roller 8 mounted iti housing .9 of tho tailstock. 

Depending iipon tho holix angle of tho Huto.s being milled, and tbo over- 
hang of tho lioaiistock (jiiills, tho tailstocks are sot up and clamped by T-bo)ts 
(> in the T-slots of attached table 7. 

'I’Ik! pnoumiitic o(|iiipmont consists of tbo air viilve, reducing valvo witli 
pressure gfiiige, i>ud ciiock vjtivo. Tbo latter ju’ovents i.be blanks clamped 
iiotwoon the ceiitros from being thrown out if there is .a pressure failure in 
the .air supply line. 

'riie following data refer to this jnacl)i;)o.' 

Hr/ef .SpeegleatJoiia of .Scnu'aii(otiia(.i<; Milling MarlilMO, Model Mll-iO 
Distnaro iM'twetai (lie lioiulslock ami laiistoclc cniilres, nun 0 to 385 
DiHlanrt' from Uii; cutter sjiinitle axia to tlie tid»)o, tiiiti . 31) to 220 


lleiglit of coatros, ana 100 

iJiinaeler of end mill wlimw flutoB can he milled, mm , 20 to (10 

l.engtli of nule milled, mm .50 to ,'iOO 

Lead of helical fliite.s milled, mm 00 to 270 

Tyj»o of flatea milled 11.11. lielical 

Maximum lielix angle of flute milled, dr^g ,’15 


'i’he cycle of ojicratinn of the niacliine consists of Uio following olomojits: 
rapid a|)])roach of tlio blanks (about 20 mm), working food, rapid retuni of 
the table tu thoiniiial position, and blank indexing t))rongl> tlio required angle, 
Tiion liio eyede is ropo/iled nntil all the flutes have boon milled, after 
which the machine sto])s antomaticaily, 

After removing the milled workpieees a)u! loadisjg jiew bliuiks, the Jttachine 
i.s slarled again by pre.s.sing the STAHT push button. 

'j’ho electric ciiamil incorporato.s tho following interlocking features con- 
trolling the position of the locking meinher and operation of the food drive 
motor; the locking tnemhor cannot ho retracted from the slot of tho index 
plate while I he feed motor is in operation, j\nd the motor cannot Ins switched 
on if ilie locking memhor is extended. 


CHAPTER 18 

TUREAD-CUTTJAG AMC/i);\ES 


16*1. Precision Threading Lathes 
General 


Precision thread-cmiing machines are employed in the tool and inslru- 
mont in{luslrles to cut precise threads in the manufacture of micrometer 
screws, thread gauges, long (stayhoU) tap<. etc. 

As a rule, the pilch of the thread is set up in the^e machines hy means 
of change gears, in conjunction with a lead screw and nut. The gears of the 
feed gear train and the load screw must he finished to a high degree of pre- 
cision. Tiic ficsign of the hoadstocfc spind/e must ho one that ensures smooifi 
running. This requiromont is often met by using a holt in the main drive 
from the electric motor to the spindle. In most ca^es, the de<lgn provide* 
for relieving the spindlo of the belt tension Dali and roller bearings of the 
higheet grailos of accuracy are u«ed. Sloovo Jtearings arc of the a(iju«tahle 
tapered bushing design. Accuracy standard* have licon e*labli*hed for pre- 
cision thread-cutting machines by DS.'^n Std GOST lOOO-'JS. 

Thread-cutting machines may or may not have a correction bar, or pilch 
compensator. Tho accuracy of thread cut by machines liaving a correction 
bar is clinracterizod by tho following data; the accumulated pitch error 
of tho thread should bo willun 0 003 mm over a length of 50 mm; within 
0.00't luin over a length of 150 mm. and wjlhin 0 005 mm over a length of 
300 mni Those error.* are only one-fourth to ono-third of the errors obtained 
in machines that are not equipped with a correction bar. 

The high pitch accuracy attained with tho application of a correction 
bar i« due to suppfomontarv rotation <»f (he le.id screw nut. providing .nJrti- 
tional movement of tho carnage to r.irrect tho pitch. The required supple- 
montarv rotation of tlio nut can bo produced hy means of a straight rtvrrec- 
tion liar sot at a certain definite angle Tho u'c of such an arrangement 


leads to: , / , 

(1) compensation for tho arcumulaled pitch error of the *crew; 

(2) an incroaso or decrease in the thread pilch hy a dermik- 

in a definite proportion, to compcn*alc for deformation in stib-oqiicnl he.,l 


'"(arcom'pfnsalion lor Iho onoct «t llie dinerpnfc in llir roctfiriont. n 
near e,,p.insion of llie work m-alerial .,iid tito lead .crew nialerial <m 
thread pitch; 


f li- 
the 
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(4) com ponsn lion for i)io effect of llie deviation of tomporatnro of tlie 
room in wiiicii tlie tliroad-cntting maeijine is installed from the normal 
temperature (20°C) on the accuracy of tlie pitch of tlie thread hoing cut. 
Moreover, if the errors of the separate pitches of the lead screw Ihread 
are measured, and a corresponding curvilinear profile is constructed on the 
correction har, it will prove possihle to impart rotation to the nut that 
will compensate for the pitch errors of the lead screw. 


Dotormlnino the Angular Setting of the Correction Bar 

Compensation is made for changes in thread pilch resulting from defor- 
mation jiroduced hy suhsequent heat treatment by setting the correction 
har to the angle /? whicli is calculated in the following way. 

We shall assume tliat, as a result of heat treatment, the length L of the 
thread is changed hy the amount AL. If the correction har is sot to the angle 
(} (Fig. 312) then, <lnring the travel of the carriage over a length L along 
the bed, the roller of the correction lover will ho displaced crosswise by 
the value //, //Man /i and the nut will turn a fraction of a revolution, equal 

ap})ro,Nimalely to , whore Jt is the effective length of the correction 

lever. AdditionaFrotation of the nut leads to additional travel of the carriagoi 


AL 


h 

2;rn 




L Ian ft ^ 
2nn 


whei'o ~~ pilch] (or, ’.lead) of the lead screw. 
It follows that Pi 

I 27iliAfj 

U\\\ [>" 




2:iU 


Since ■ -- p is a constant value for a delinito thread-cutting machine 


tan p 


AL 


(31) 


It is evident Ihat 


^^L _ /(r 

L ic 


where //,„ - thread pitch of the finished work 
fc. • thread pilch as cut; 
therefore, the j)receding formula can he wj'itlen as 

* C 


(32) 
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An almost identical formula is used to raleiibte tlie Ijar scHing to compon- 
sato for pitch errors ^ti, of tlio lead screw. Thus 

tan;J = /)-^ (33) 

Deviations in the pitch of thread heinj; cut duo to variations of the shop 
temperature from the normal value, as well as piicli errors duo to dlllorenl 
coefficients of linear expansion of the workpiece and lead screw materials 
are also compensated for by setiinff the correction bar to an anffle /9|. This 
an^^Je is computed on the basis of the following? con'iderations. 

The error Af/u. in the pitch of tho part (/<,) 15 

4//^ = tc (at - a.) (7-,^ - rj 

W’hero ~ coefficient of linear expansion of tho workpicco material 
(Z 2 = coefficient of linear expansion of the lead screw material 
Tth = shop temperature at tlio time the thread i >5 bein" cut 
Tn = normal shop temperature at which (he machine wac adjii<le<). 

Substituting tin's value of into equation (32) wc obtain 

tan = P (at — «;) <T,n — r„) (3J) 

Tho profile of the correction bar is made cur%iliiiear to compen«ate for 
pitch errors of the lead screw. Tho size of each xaJley or ridge jn the profile 
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depends upon the magnitude of the error in the corresponding pitch of the 
lead screw. If the pilch error is i/js, the amount the nut must he turned 
(fraction of a revolution) to compensate for this error is equal to 

h JZ/s 

wliero h is the amount Ihe roller must he raised or lowered, i.e., the height 
•of the ridge or depth of liic valley on the profile of the correction bar. 

Therefore 

h — Atig = pAtts (35) 

* Is 

For example, if the machine has a ratio ol p = 200 and the error in a 
■certain pitch of the lead screw is A tig — 0.005 mm, value h for the given 
pilch is 1 mm. After measuring tlie error of each pitch along the lead screw 
and making ilie necessary calculations, the profile of the correction bar 
(curve of ridges and valleys) is plotted. 


18-2. Semiautomatic Precision Threading Lathe, 

Model 103 

This lathe is intended for cutting internal and external high-accuracy 
threads, and finds application in the tool industry and in plants producing 
precise instruments. 

The design of the lathe enables threads to he cut up to a shoulder, as well 
as taper and multiple-start threads. The lathe can cut metric thread with 
a pitch from 0.25 to 5 mm. and inch thread in a range from 5 to 24 tpi. The 
diameter of the thread ranges from 5 to 30 mm. The height of centres is 
100 mm; the maximum distance between centres is 300 mm. 

Circular form tools are used to cut external thread; special single-point 
threading tools or chasers are used for internal thread. 

The electric circuit of this semiautomatic lathe provides for the following 
cycle: tool approach to the work; working travel; tool recoil from the work; 
and rapid return traverse. 

When the thread has been cut to the preset depth, the tool cleans up the 
thread in the number of passes to which a counting relay has been set up. after 
which the lathe stops automatically. A signal lamp indicates that the preset 
depth of tlie thread has been reached. 

Tile lathe consists of the bed. base, hcadstock. reducing gear, carriage, 
le:\d screw and feed change gears, cam mechanism, tool recoil mechanism, 
tailslock, toolholder, correction bar, electrical equipment and coolant 
system. 



F'S. *^13. Gearing dugram «>f the iiit>«lel tu3 'emauloninlir pnci'in'i tlire.nJms' Jathe 


Tlie gpiniautomatic la(/ic iias altacfanienls for ccifting iriuK/pfe *fart 
threads, for cutting: thread up to a shoulder and for prindmi; ccnlrc- The 
faceplate is a standard accessory. 

The gearing diagram of the latho is shown in Fig 313 
The spindle is powered hy a J*klV efectnc motor running at f.lfO rpm 
througli a V*hell drive, reducing gear «Hh change gears, and a flal'lelt 
drive. The spindle is relieted of the hell tension \ hronze fnL«hing wuh 
an external taper is press-fitted on the front otlindrical lournal ol the spimllc. 
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This hushing runs together with the spindle in a steel liner of the front 
bearing. The rear end of the spindle is mounted in two precision angular- 
contact ball hearings operating with a constant spring-applied load. 

Either a faceplate or a collet chuck can he installed and clamped in the 
tapered hole of the spindle. During working traverse, rotation is transmitted 
to the spindle through spur gears 1 and 2 (Fig. 313), change gears a and &, 
and lievel gears d and 4: of the reducing gear. During the rapid return of the 
carriage, rotation is transmitted directly through bevel gears 3 and 4. 

Spindle rotation is reversed by reversing the drive motor. 

The ends of shaft J, on which bevel gear 3 is mounted, are linked to the 
inner members of overrunning clutches Cj and Cz. During the working 
traverse of the carriage, clutch Ci slips (being automatically disengaged, 
since it transmits torque only in one direction) and rotation is transmitted 
to the spindle through the change gears and clutch C^. When the motor is 
reversed to provide the rapid return traverse, the rollers of clutch Cj jam 
and the clutch begins to transmit rotation to the spindle directly through 
bevel gears 3 and 4. During these parts of the cycle, overrunning clutch 
C 2 will slip since it is engaged only when shaft I rotates in the other direction. 

The lathe is set up to cut left-hand thread by interchanging the directions 
of the working and return traverse. This is done by installing an idler gear 

C C 

in the feed change gear quadrant X y? and switching over certain ele- 
ments of the solenoid circuit that provides for tool recoil. 

The electric motor is mounted on the cover of the reducing gear, on a pivot- 
ed base enabling the tension of the V-belt to be readily adjusted. To enable 
the tension of the flat belt to bo adjusted, the reducing gear housing is pivot- 
ed on a base mounted inside the lathe base. 

Eccentric cam E on the intermediate shaft of the reducing gear drives 
the plunger pump of the coolant system. 

If the V-helt is put on the smaller step of the motor pulley, spindle speeds 
will range from 39 to 355 rpm, depending upon the installed change gears a 
and 5, and will bo 400 rpm during the rapid return traverse. The spindle 
speed range for the larger stop of the pulley is from 70 to 530 rpm, with 
a return traverse speed of 710 rpm. 

The carriage (Fig, 314) consists of saddle 3, cross slide 2 and compound 
slide 4. The saddle is traversed along the dovetail bed ways by the lead 
screw. The latter is driven from the spindle through the feed change gears 
(Fig. 313) serving to set up the required thread pitch. 

Two pairs of limit switches 16 and 19 (Fig. 314) are mounted on the front 
pad of the saddle. Their purpose is to reverse carriage travel and spindle 
rotation at the proper points of the cycle. Two of those limit switches are 
provided for emergencies; they stop the lathe in cases when the main limit 
switches fail to operate. The dogs that actuate these switches have two 
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spring-loaded pins 14 and 15 each. The pins are of different height; the higher 
pin for operating the main limit switch, and the lower for the emergency 
switch. 

Cross slide 2 travels along the ways on the saddle 9 . Spring 25 , located 
inside the saddle, constantly forces the cross slide together with the clamped 
tool toward the work being threaded. 

The cross slide has two microraetric screw stops 17 and 18 . Right-hand 
stop 18 serves to set the tool to the depth of cut; the thimble of this stop 
is graduated in 0.005-mm divisions. The stop is locked in the set-up position 
by screw 26 . Left-hand stop 17 serves for cross feed of the cutting tool. Rat- 
cliet wheel 12 with 200 teeth is secured on the screw 13 of stop 17 . During 
the return traverse of the carriage, lever 8 of pawl 24 runs up against adjust- 
able dog 5 and turns ratchet wheel i5, and consequently screw 13 of stop 17 . 
This enables spring 25 to feed the cross slide forward a certain amount. 
Ratchet wheel rotation corresponds to a cross feed of 0.0025 mm per tooth, 
the ma.ximum feed (corresponding to rotation through 20 teeth) is 0.05 mm 
per pass of the carriage. The feed is set up by adjusting screw 23 which chan- 
ges the throw of the pawl. 

The cross slide is withdrawn at the end of working travel as follows. Rol- 
ler 10 , at the end of push-rod 11 , is in contact with a bar linked to a sole- 
noid. At the end of working travel, the solenoid shifts the bar, and push- 
rod 11 , bearing against screw 13 of stop 17 , compresses spring 25 and with- 
draws the cross slide, which remains in this position during the whole re- 
turn travel. 

The compound, or tool, slide 4 can be traversed longitudinally along the 
ways on cross slide 2 . This motion is used in matching previously cut thread, 
for feeding in the tool at an angle and for cutting thread up to a shoul- 
der. 

In setting up, the tool slide is adjusted by turning screw 21 which retracts 
the tool slide, compressing spring 22 . 

The tool is fed in at an angle (cutting is done by one edge) by installing 
cam 20 , bevelled to suit the thread angle, on the saddle. Infeed proceeds with 
power cross feed. The tip of follower 1 slides along tlie bevel of the cam and 
permits the tool slide to travel in the longitudinal direction as well due to 
the action of spring 22 . The second stop 18 must bo withdrawn for this pur- 
pose. This combination of cross and longitudinal feeds, controlled by cam 20 , 
foods the tool into the thread at the required angle. 

At the moment when the tool reaches the shoulder on the work, in cutting 
thread up to a shoulder, the tool stops travelling but the carriage conti- 
inies for 1 to 5 mm before it is reversed. This overtravel merely compresses 
spring 22 . 

TooUioad 3 for clamping the loolholder is secured on the tool slide. A scale 
with r divisions is engraved on the fool head to enable the toolholdor to be 
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sot Up accurately in tJjc Jjoro of llip head. Tin? axis o! the lore hi the tool 
head is 7 mm above tlio line of cciilros of the lathe. 

A correction bar (sec Sec. 18-1) compensates for pilch errors of the load 
screw within the production tolerances and for variations in the loniper.ituro. 

The correction bar is of su/veil/nff dc-//»n to correct a progressive pitch 
error or to change the pitcii of tho thread being cut so n< to comiieii'-ate' 
beforehand for deformation duo to subsequent bo.il treatment. Tbe bar !•» 
swivelled by two screws, one having a dial. One dial division corre'pomK 
to a ebango in pitch of the lliroad being cut equal to 0.1 micron (0.01H)1 mm) 
per 100 mni of length. The stirlaco of the har along vvliicli Iho end of lever t> 
slides has a curved profile. This lever is linked rigidly to nut 7. Upon longi- 
tudinal travel of saddle fl. lover t? turnb nut 7 through definite atigU" in om* 
or tlio other direction, therchj increasing or reducing tbe corrtspomhng 
pitch of the thread being cut. 

Taper threads can also bo cut in this lathe. If the taper i.*- small, the thread 
can bo cut by oiTsotting the lailslock centre. In other cases a special tajn-r 
attachment is employed. It i? installed in place of llie b.ir for aulomiilir 
withdrawal of the carriage. During saddle travel, roller JO runs coiitinviuvi^ly 
along tho active surface of the spocinl taper bar. 



CHAPTER 19 

THREAD-GRINDING -MACHINES 


1S‘1. General Data 

Thread-grinding machines find extensive application in tool production 
to manufacture threads of the higher grades of accuracy. They are employed 
to grind the threads of taps, thread gauges, cylindrical thread-rolling dies, 
thread-milling cutters, etc. 

Three thread-grinding methods (Fig. 315) are in common use; grinding 
with a single-rib wheel, with a cylindrical multiribbed wheel and with 
a tapered multiribbed wheel. 

The first method (Fig. 315a) — grinding with a single-rib wheel — is 
used for producing thread of especially high accuracy (1st grade accura- 
cy according to the USSR Std). The pitch error of such* thread is within 
0.0025 mm over a length of 25 mm and within 0.005 mm over a length of 
200 mm. 

Thread is ground with longitudinal traverse of the table with the work 
in respect to the wheel. 

The basic displacements are 

1 revolution of the work ->• p 

where p is the pitch of the thread being ground. 

Grinding may be performed: 

(a) in one pass, in one direction of traverse, with retraction of the wheel 
at the end of the pass and rapid return traverse; 

(b) in one pass, but in both directions, the first workpiece being ground 
from the headstock centre, the second, from the tailstock; 

(c) in several passes on each workpiece with traverse in both direc- 
tions. 

The second method (Fig. 3156)— grinding with a cylindrical multiribbed 
wheel— is applied in cases when a high class of surface finish is required on 
thread whose accuracy may be somewhat lower than that of threads ground 
by the first method. This method can be efficiently employed for grinding 
short threads, the face width of the wheel being slightly larger than the 
length of the thread being ground. Grinding is performed with wheel infeed 
(plunge-cut feed) to the full depth of the thread profile while the work ro- 
tates slowly. 




482 


thread-grinding- machines 


longitudinally by: a permanent lead screw and change gears, interchangeable 
lead screws, interchangeable cams (without a lead screw), and special bars 
(without a lead screw). 

(2) With respect to the method used to set the wheel (or work) to the 
helix angle of the thread (Fig. 316). 

To obtain an accurate thread profile in grinding with a single-rib wheel 
the plane of rotation of the wheel must coincide with the thread helix. This 
is accomplished by inclining the table wth the work (Fig. 316a), or by 
inclining the whole wheelhead (Fig. 316b), or only the wheel spindle 
housing. 

(3) With respect to the motions employed in relieving (Fig. 317). 

In grinding relieved (backed-off) profiles in a thread grinder, either the 
work or the wheel has an additional crosswise motion during the grinding 
operation. In different designs this motion is effected hy: rocking of the 
table with the work about an axis parallel to the work axis (Fig. 317a), 
crosswise reciprocating motion of the wheelhead (Fig. 317b), rocking of the 
wheelhead about an axis parallel to the work axis (Fig, 317c), rotation of 
an eccentric sleeve in the wheelhead (Fig. 317d), or lateral oscillation of the 
tailstock centre (Fig. 317c). 

Thread grinders are usually equipped with a pitch corrector, or compen- 
sator, if the longitudinal travel of the table with the work is effected by 
means of a lead screw and change gears. The pitch corrector is set up to 
compensate for the influence of the temperature on the pitch of the thread 
being ground. The accumulated pitch error of the lead screw can also be 
compensated for by the corrector. 

In most models, correction devices are designed as a swivelling bar (see 
Sec. 18-1) which affects supplementary rotation of the lead screw nut upon 
longitudinal travel of the table (Soviet models 5B82, 5822, etc.). 

In order to grind threads that have been previously rough cut in another 
machine, means must be provided for shifting the work axially in relation 
to the wheel so as to register the preformed thread with the wheel (“thread 
matching"). This can be done by adjusting the work axially: 

(1) together with the table: with a stationary lead screw by adjusting 
the lead screw nut (model 5822), and by providing a second, lower table 
(model MB-14); 

(2) together with the table by axial adjustment of the lead screw (model 
5B82); 

(3) by adjusting the spindle with the work while the table is stationary, 
as in the models produced by the Ex-cell-0 Corporation (USA) and the Rei- 
shauor Go. (Switzerland). 
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longitudinally by: a permanent lead' screw and change gears, interchangeable 
lead screws, interchangeable cams (without a lead screw), and special bars 
(without a lead screw). 

(2) With respect to the method used to set the wheel (or work) to the 
helix angle of the thread (Fig. 316). 

To obtain an accurate thread profile in grinding with a single-rib wheel 
the plane of rotation of the wheel must coincide with the thread helix. This 
is accomplished by inclining the table with the work (Fig. 316a), or by 
inclining the whole wheelhead (Fig. 316&), or only the wheel spindle 
housing. 

(3) With respect to the motions employed in relieving (Fig. 317). 

In grinding relieved (backed-off) profiles in a thread grinder, either the 
work or the wheel has an additional crosswise motion during the grinding 
operation. In different designs this motion is effected by: rocking of the 
table with the work about an axis parallel to tbe work axis (Fig. 317®), 
crosswise reciprocating motion of the wheelhead (Fig. Zilh), rocking of the 
wheelhead about an axis parallel to the work axis (Fig. 317c), rotation of 
an eccentric sleeve in the wheelhead (Fig. 317d), or lateral oscillation of the 
tailstock centre (Fig. 317e). 

Thread grinders are usually equipped with a pitch corrector, or compen- 
sator, if the longitudinal travel of the table with the work is elected by 
means of a lead screw and change gears. The pitch corrector is set up to 
compensate for the influence of the temperature on the pitch of the thread 
being ground. The accumulated pitch error of the lead screw can also be 
compensated for by the corrector. 

In most models, correction devices are designed as a swivelling bar (see 
Sec. 18-1) which affects supplementary rotation of the lead screw nut upon 
longitudinal travel of the table (Soviet models 5B82, 5822, etc.). 

In order to grind threads that have been previously rough cut in another 
machine, means must be provided for shifting the work axially in relation 
to the wheel so as to register the preformed thread with the wheel (“thread 
matching”). This can be done by adjusting the work axially: 

(1) together with the table: mth a stationary lead screw by adjusting 
the lead screw nut (model 5822), and by providing a second, lower table 
(model MB-14); 

(2) together with the table by axial adjustment of the lead screw (model 
5B82); 

(3) by adjusting the spindle with the work while the table is stationary, 
as in the models produced bj^ the Ex-cell-0 Corporation (USA) and tbe Rei- 
shauer Co. (Switzerland). 



Pig. 31G. Setting up tv tiic bclix anglo of iLt-’ thread 
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19-2. UnIvorsQl Thread-Grinding Machine, 

Model 5B82 

I’lirpoBo. ThiH (Fig. 318) is used in various ])raijclios of Iho ongi- 

musriiig iiuluslrins for grinding oxlornal and interna], straight and taper, 
single- and Jiiultiple-start threads of the 1st and 2nd grades of accuracy 
(IJSSII Std), 

hi the tooj industry, this niacliine can grind tile threads of Jiigli-accuracy 
thread tools, such as tliread gauges, taps, thread-milling cutters, cylindrical 
thread-rolling dies, threading dies, etc. 3V>ol lands may ))o relieved if 
necessary in grinding. 

3’ho grinder operates with a single-rih wheel on a semiautomatic cycle. 
Automatic conijiensation for wheel wear in dressing is available. 

]h‘ne-pit(di threads can he ground from the solid without preforming. 

An interesting feature of the drive is that it is separated from the travelling 
table, thereby avoiding the detrimental effect of viliration on the accuracy 
of the thread being ground. 

Work spindle rotation and table traverse are powered by a rotary hy- 
draulic motor running at inlinitely variable speeds in a range from 103 to 
1,200 I'lnn. The hydraulic system is also used to reverse the table at the 
end of each stroke, for independent sj)ood adjustment in each direction, and 
for viipid table traverse in either direction. 

The machine has a correction bar. Thread can bo ground with a singlo- 
rih wheel by any of the three methods described in Sec. 10-1. 

'Pile wheel is set to the helix angle of the thread being ground by inclin- 
ing the wheel spindle housing (Fig. 310/;). 

This grinder is eiiuijijied with an automatic wheel dresser and with auto- 
matic infeed to compensate foi' wheel wear. 

Spec.ial attachments, furnished on special order, are available for grinding 
with a multirihhed wheel. 

(louHlrucIlon and gear Irain of the spindle drive and lalile traverse units. 
The workhead is secured on the table (see b^g. 318). '.Pho work spindle is 
powered by a rotary hydraulic motor through a throe-stop V-belt drive 

(l''ig, 31 U) wil.li the ratios ft — in r.- 1 nml Rotation is trans- 

mitled further ihrough worm gearing r^-j»n<l ap'Ji' gears . Upon longitu- 
dinal l.ravol of the table, gear 387' .slides along a six-s])llno shaft. 

'Pho applic.ation of a hyilrnulic motor with infinitely variable speeds and 
the three-step belt ilrive enables the spindle speed to bo changed in a stepless 
range from 1 to 00 rpm. 

The spindle speed is indicated by tachometer (work speed indicator) S 
which is built into the front part of the drive gearbox. 
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From rotary hydraulic 
motor 



Fig. 319, Gearing diagram of the model 5B82 thread grinder 


The construction of the workhead of the model 5B82 grinder is illustrated 
in Fig. 320. Spindle 15 of the head runs in sleeve bearings 8 and 14. The 
spindle has two cylindrical journals which are ground and lapped to a high 
degree of accuracy, the out-of-roundness being within 0.001 ram. 

The bimetallic bearings 8 and 14 each has three bearing contact strips 
a, b and c. The upper strip c is separated by special slits from the body of the 
bearing and can be forced inward by regulating screw 17 and clamped by 
screw 16 to reduce bearing clearance to the minimum feasible value. 

Axial clearances are taken up by having shoulder / of the spindle bear 
lightly against end face g of bearing 14, being held in constant contact by 
the action of springs 12 transmitted through ball bearing 11 and shaped 
washer 10. Oil from housing 13 is carried by washer 10 onto troughs 9, 
from where it runs down into bearings 8 and 14. 

in grinding a thread in both directions, i.e., during table advance and 
reversal, it is necessary to reverse spindle rotation as well. When this is 
being done, the backlash in the gear train between the work spindle and 
table, as well as that in the thread of the lead screw and its nut, will result 
in a certain lag in table travel in reference to spindle rotation. This, in 
turn, will load to errors in tlie pitch of the thread being ground. This unde- 
isirable effect of inevitable clearances is eliminated by the backlash compensa- 
ior, a device mounted on the end of the work spindle (Fig. 320). This arrange- 
ment operates by slopping tlie work spindle for the period of time required 
to take up the clearances in the meclianism transmitting motion to the 
table. 
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Driven gear 7 with press-fitted pin 2 is mounted freely on work spindle 15 
(Fig. 320). Driving member 3 is secured in a slot of bushing 6 which is 
fixed on the end of the spindle. Teeth cut on the external surface of hushing 6 
are in mesh with worm mounted in yoke 5. The yoke can he turned on 
bushing 6 after loosening binding screw 18. 

Driving member 1 is press-fitted in jmke 5. If this mechanism is setup 
with a certain clearance between pin 2 and driving members 1 and 3, at the 
beginning of reversal, gear 7 will rotate for a certain period without rotating 
the work spindle. This will continue until pin 2 runs up against one of the 
driving members, 1 or 3. 

The amount of idle rotation of gear 7 and the consequent dwell of the work 
spindle are adjusted to suit the backlash in the gear train by turning worm 4. 

The pitch compensator enables the pitch of the thread being ground to be 
lengthened or shortened by 0.25 per cent, and corrections to be introduced 
to take the effect of the ambient temperature into consideration. 

Correction bar 1 (Fig. 321) is arranged in a plane parallel to the axis of 
lead screw 3 and can be set to the required angle to this axis by swivelling 
about pin 2. In this model, nut 6 has an additional thread cut on its outer 
surface and is screwed into housing 5 which is fastened to the work table. 
Flange 4 with lug a (see the view facing arrow B) is mounted on nut 6 and 
is held in contact wdth bar 1 through ball 9 by springs 7. 

If the correction bar is set at an angle, then nut 6 will be turned through 
a certain angle upon table travel, imparting additional motion to the table 
and thereby increasing or reducing the main travel imparted to the table 
by the lead screw mechanism alone. 

The grinding wheel is made to accurately engage a preformed thread by 
longitudinal adjustment of the work table, without the corresponding rota- 
tion of the work. This adjustment is incorporated in the design of the bear- 
ings of lead screw 3 (Fig. 321). 

Sleeve 77, having a coarse square thread on its outer surface, is fitted in 
housing 18 which is secured to the base of the grinder. Pin 11 enters one of 
the thread spaces so that sleeve 17 can be adjusted axially only upon being 
rotated by means of worm 15 and worm wheel 14 when square shank 14 
(Fig. 318) is turned. This square shank is brought out on the front wall 
of the base. Lead screw 3 (Fig. 321) is secured in sleeve 77 by means of a 
flange and bronze thrust washers 12 and 13. Thus, sleeve 77 is screwed into 
or out of housing 18 when it is rotated. This eSects axial adjustment of the 
lead screw, its nut and, consequently, the work table of the grinder. 

Construction and gear train of the wheelhead and grinding wlieel. The 
wheel spindle (Fig. 322) is powered through belt drive 5 from d-c electric 
motor 4 which is supplied from a 4.8-kW generator. The latter is driven by an 
a-c electric motor. 



6mm LH 2-stort iftd 
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Fig. 322. Wheelhead of the thread grinder, model 5B82: 

a<y«stin-? belt tension; a— motor base; 4— electric motor; 5— belt drive; 
pi\ ot pm of tUc bracket ond motor base; 7 — swivelling’ wheel spindle housing; 8 — grinding wheel* 
wheelhead housing; jo~pivot of the wheelhead; JJ— wheelhead slide 


C— 
$ 


The wheel spindle runs in precision sleeve hearings. Spindle speeds are 
infinitely variable. 

The wheelhead (housing 9) is mounted on slide 21 which is advanced to 
and withdrawn from the line of centres of the grinder on transverse ways of 
the base (see Fig. 317&), but also has a rocking motion (see Fig. 3i7c)^ 

Thus, the following motions are imparted to the wheelhead: 

(1) Crosswise travel along the transverse ways is a positioning motion 
intended foj coarse infeed and for advancing the wheelhead to a definite and 
exact position. It is also used to compensate for wheel wear due to dressing. 

(2) The rocking motion of the wheelhead is used for relieving, for rapfd 
approach and withdrawal of the wheel, for fine “micron” infeeds and for 
infeed in grinding taper threads. 

The infeed and wheel-dressing compensator mechanism is shown in Fig. 323, 
The screw and nut of this mechanism have the following functions: hand 




•ffianntn: 
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Fig, 322. AVheelhead of the thread grinder, model 5B82: 

J— bracket: 2— screw for adlusting belt tension; a— motor base; 4— electric motor; 5— belt drive; 
pivot pm of tbe bracket and motor base; 7 — swivelling wheel spindle housing; 8 — grinding wheel- 
wheelliead housing; JO— pivot ot the wheelhead; JJ— wheelhead slide 


c— 

S— 


The wheel spindle runs in precision sleeve bearings. Spindle speeds are 
infinitely variable. 

The wheelhead (housing 9) is mounted on slide 11 which is advanced to 
and Avithdrawn from the line of centres of the grinder on transverse ways of 
the base (see Fig. 317&), but also has a rocking motion (see Fig. 317c). 

Thus, the following motions are imparted to the wheelhead; 

(1) Crosswise travel along the transverse ways is a positioning motion 
intended for coarse infeed and for advancing the wheelhead to a definite and 
exact position. It is also used to compensate for wheel wear due to dressing. 

(2) The rocking motion of the wheelhead is used for relieving, for rapid 
approach and withdrawal of the wheel, for fine “micron” infeeds, and for 
infeed in grinding taper threads. 

The infeed and wheel-dressing compensator mechanism is shown in Fig. 323. 
The screw and nut of this mechanism have the following functions: hand 
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gear ratio is 



The basic displacements in relief grinding work with helical flutes are 
1 revolution of the work z revolutions of the cam 


where t — pitch of the thread being ground 
P — lead of the helical flutes- 

The helical angle of the thread is equal to the angle of inclination of the 
flutes. Therefore 

t — Jidp tan a and P — szdp cot a 

where dp is the pitch diameter of the thread. 

Then 

z (l 4--^) =z(l-i-tan2 a) 


from which it is evident that the formula for the ratio of the change gears 
for this case is obtained from the formula given above to determine Xz it 

the factor 1 4- tan^ a = — is introduced in the right-hand side. Thus 
' cos^ a ° 


^2 



2z 

15 cos2 a 


The grinding wheel is set to the helix angle of the thread by swivelling 
the spindle unit with spindle housing 7 (Fig, 322). This complies with the 
arrangement shown in Fig. 3165. 


Dressing a single-ribbed wheel. Special devices are employed to true the 
grinding wheel to the profile of the thread being ground and to maintain 
this profile by subsequent dressing. 

Automatic wheel-dressing devices for single-ribbed wheels have three 
diamonds, two of which dress the flanks and the third dresses the apex of 
the wheel. The gearing diagram of the wheel-dressing device is illustrated 
in Fig, 325. 

Worm 3, driven from an electric motor (0.175 kW, 1,430 rpm) through 
change gears 1 and worm gearing 2, transmits rotation to worm wheel 3'. 
A crank pin secured in this worm wheel slides along the slot of rocker arm 14. 
Upon rotation of worm wheel 3', arm 14 rocks about shaft 12, oscillating 
gear 11 through one-fourth of a revolution. This oscillating motion recipro- 
cates sliding bars 7 and 10 through gear 5, meshing with drive gear 11, 
and ])inions 4 and 6 which mesh with racks cut on the sliding bars. 



J. UNINTRSAL TjmEAD-cni.vm.vr, ytACiust. MODEL SEi: 



Tilo flflnk dinmond holders aro clamped in sliding Lnr« T and JO. 

Helical teolh cut on shaft of rocker arm 14 mesh ^^ith Ihecro-^ed helical 
segment gear 2S. Arm S. carrying the apex diamond, Is faMenoil on shaft 0 
of the segment gear. Sliding bars T and JO and arm S make one full stroke 
(back and forth) for each revolution of worm wheel 3'. The slotted rocker 
arm mechanism reduces tho speed of diamond travel at the beginning (and 
end) of tho stroke. This presents the chipping of llio sharp edge of the wheel 
in truing and dressing. 

Tljo electric motor powering this device stops nuiomaticnily after one 
full stroke. 

When a special button is pres.'cd. the drcv«ing doMce tv fed by liydraiilic 
moans toward tlio grinding wheel and tho whcelhead is fcti toward liie work. 
These amounts of infeed are strictly equal and can bo ^arll“d m .i range from 
0.01 to 0.0-i mm (see Section in Fig 323) doMcn onahI<-< the 
wheel to be dressed without altering the work «ire since it readjusts the 
distance between tho work and wheel axes to compensate for the le**fRe(l 
diameter of the grinding wlieel that will exid after dressing 

WliocI speed In tlie dressing operation is only one iialf of ih-it u*fd in 
grinding threads. 
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19-3. Universal Thread-Grinding Machine, 

Model 5822 

Purpose and design features. This thread grinder (Fig. 326) is intended for 
performing all the main thread-grinding operations required in the tool rooms 
of engineering plants. These include the grinding of straight and taper 
thread gauges, precision screws and worms; relief grinding of taps, fine- 
module hobs and thread-milling cutters; grinding crusher rolls for dressing 
multiribbed thread-grinding wheels and other formed wheels; grinding 
circular thread chasers, tangent and radial chasers for die heads, precision 
gear racks, etc. 

Thread can he ground by three methods: 

(1) Traverse grinding with a single-rib or multiribbed wheel in one direction 
with an automatic stop at the end of the table stroke and rapid return. 

(2) Traverse grinding with a single-rib or multiribbed wheel in both 
directions; 

(a) in one pass with^automatic or manually controlled table stop at the 
end of each stroke, the first workpiece being ground with traverse to the 
right, the second with traverse to the left; the third to the right again, etc.; 

(b) in several passes with automatic table reversal at the end of each 
stroke. 

(3) Plunge-cut grinding with a multiribbed wheel with power infeed to 
the full depth or to a part of the depth (grinding in one or, several revolu- 
tions of the work). 

In grinding by the first method, the cycle begins with rapid approach of 
the wheel to the work, and the starting of the work head drive and the cool- 
ant pump. At the end of the working traverse, the table is stopped automat- 
ically by adjustable dogs. Next levers are shifted (Fig. 326) to rapidly 
retract the wheel from the work, and to engage the coarse-pitch unit (for 
rapid traverse). Then the table is reversed and stops automatically when 
it returns to the initial position. 

^^^len thread is ground in both directions, the table is automatically 
reversed at each end of the stroke by adjustable dogs which reverse the 
drive motor. 

Plunge-cut grinding is applied for work on which the length of the thread 
does not exceed 36 mm (the wheel face width being 40 mm). 

Thread of the 1st and 2nd accuracy grades can be efficiently ground. 
Relief grinding is done on table travel in one direction. At the end of the 
stroke, the wheel is retracted and rapid table return is engaged. 

The model 5822 grinder has the following distinctive features: 

1. The work spindle is powered from a d-c electric motor with infinitely 
variable speeds, suppliedjfrom a rotary amplifier (RA) vdth a wide range 
of regulation. 



iw, UNivi-nsAL TimKAi>-oniNDi\G JMCMi.vr:. :jonrt. 



Kig. 32fl. Universal thrcad-grmding machine, laryiel 5S22, 

J— If'Tr fer sfirtlnz, rrt'ersin? and »t'>rpi*is l*»* Ubl^ aid wr^k ipiadl', 
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for pitch comp''nnt(i^. f . ... 
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4. Al] crosswise travel of the wlieelhead is accomplislied l)y mechanisms 
that are not based on hydraulic action. The wheelhoad travels along efficient 
roller ways (without tilting). 

Data on the model 5822 thread grinder follow: 


Brief Specifications 

Moiglit of centres, inm 100 

Dislnnco between centres, mm 500 

Diametor of Ihrcnds ground, mm: 

witli a singlo-rib wlieel 2 to 150 

with a mulliribbod wlieol 4 to 120 

Pitch of tliroads ground, mm; 

V-threads; 

with a single-rih wlicel 0.25 to 24 

wilii a multirihhcd wheel 1 to 4 

Trapezoidal threads 2 to 24 

Number of starts ground 1, 2, 8, 4, 0, 

8, 12 and 24 

Range of wheel spindle .speeds, rpm 1,440 to 2,GG0 

Range of infinitely variable work .spindle speeds, rpm 0.3 to 45 
Work spindle speed during rapid table return, rpm 100 

Altainahlo tliread accuracy (u.sing single-rih wheel), mm: 

'J’liroad pi tell error (pilches up to 8 mm): 

over a length of 25 mm witliin ±0.003 

over a length of 400 mm within ±0,008 

Pilch diameter error within ±0.003 

Half angle of thread error within ±.5' 


Gear trains and constniclion of the grinder units. All llio principal units 
(Fig. 320) are inounlod on the rigid cast-iron base. The controls aro conven- 
iently arranged at the front of the base. TJio taI)lo and wlieelhead travel 
along roller way.s— a feature that contributes substantially to the sensi- 
tivity of the systems. 

The work spindle and table drive (Fig. 327) is powered from an electric 
motor (0.45 kVV, 1,430 rpm) mounted on the workhoad cover and supplied 

by a rotary amplifier. Rotation is transmitted through a V-belt drive 

° 172 dia 

2 

and worm gearing to a cluster gear and further, through backlash com- 
pensator Jd, to the work spindle. The load screw is driven from tlio cluster 
gear through gears ~ or — and pilch change gears J3. 



iw. iwnxnsAL TnncAD-om.vmNo MAciuvn, Mopni. 5 j:: 

In gnntling thread wUU a pilch up lo S mm, the table is driven ihrou-h 
gears JJ. The coarso-jiilcll unit 11 (/=^) provijrs a foiirr.,1,1 inerra.e 

in pitch and is used to grind threads of larger pitcli and for rapid return 
rnolions. 

The provision of hacklasli compensator 11 on tlio spindle enahles tliread 
to bo ground in both directions. 

The grinder is set up to llio pitch of tlio tlirc.nd to ho ground hy me.nru 
of change gears. A correction har onahics the pitch or lead of the thread to he 
increased or decreased hy 0.2 per coni. For exaimplo, in grindtng spur gear 
liobs, Iho axial pitch is a fractional value <foporiding upon the helix angle 
of tho liob thread, and it is difficult to obtain the oxarl pilch uith ch.ingo 
gears alone. A pitch within Iho specified accuracy ran he readily ground if 
tho correction har is also made uso of. The lead screw and the correction 
har mechanism aro arranged in Iho lower part of the base. Tiio le.id scrcvi nut 
(Fig. 327) has additional external tlirc.id and i« screwed into a hou<rng 
linked to tho base. Uoforo beginning to grind the thread, a screv^ with a ciinl 
(2J in Fig. 320 and 0 in Fig. 327) is turned to sliifl the liouslng with the 
nut and, consequently, tho lead screw and work table, In reference to the 
haso until tlio preformed thread is matched with the wheel. 

Tho rcUeiing and plungc^nt mechanism is dri\en in the following manner. 
Rotation is transmitted from shaft / of tho work .spindle drive (Fig. 327) 
through gears and a diflorcntial gear with a ratio ~ lo shaft II and further 
through relieving change gears 10, gears shaft III, hovel gearing^’ and 
spur gears ^to shaft IV. This shaft carries either interclu'ingeahle relieving 
cam 3 or tho cam providing pliingo<ut feed of the grinding wjieel. Tlie 
construction of this nicciiani.«m enables tho following cro««wi‘e niolifins 
of the whecllioad to ho ofTected: 

(1) manually opor.ntcd movements, (a) slow positioning motion for ini* 
tially sotting up the whcelhead to suit tho diameters of the work and grind- 
ing wheel; (b) rapid approach and withdrawal of tho wheel over a definite 
distance; (c) fine (micron) infeed of the wheel to obtain the required work .«ire, 

(2) power -operated movemewts'. (a) ptuwgc-cuV U-cd; (b*! vn reUef grinding; 
(c) in taper thre.id grinding 

Tiic irhccthead is poslUoned inth shir trairrsr by hand l.y turning hand- 
wheel 23 (Fig. 327). This rot.iles nut 22 through gears ^ Cro-s feed screw 2/ 
is integral with n •shaft which is linked lo a bracket, secured on the h3«e. 
through a yoke with a feather. • i 

Thrc.nd is also cut on tho other end of the shah Tins thread is scTewen 
into nut IS which is fastened lo the whcclhc.-id housing TherefoTe. wht-n 
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l.nnd^Iicol 2!} rotatoii, fcrciv SI move- iraior,ijif ihc 

Since tlio screw is hold by ihp fcalher ocainst relntioti 

The amount of cro«< travel is road off on o dial. Tbo wlioclbo.id fed 
O.Ut)5 mm if liandwliccl is turned one dlnf dhici„n. Tbe wIieeIhr.Kl i* fed 
to 0 positive stop if a batch of identical workpieces is to Ic prouml. 

Rapid u'iicel approach and withdraual are accotiipli«ljed by tiirninc le\er 
2 (Fiff. 327). This rolalos gear SiT* uWch meshes with wide-face cc.ir d2r. 
The tooth of the latter are cut on the body of face cam 2-/. Cam 2/ is fittid 
on nut 22 and its profile is in contact with the rollers of lev or 2.7 when lc\er2 
is turned. In this case, fho rol/crs act as rests for cam 2/, upon whirh it 
boars in moving the wlieolhead logclher with .screw 2/. ThN conl.arl is main- 
tained by the action of .sprinp 17 which serxes to relr.icl the wlieellif ad. 
A maximum moxemont of G mm is nx-ailnlde for rapid retraction. 

Fine {micron) infeed of the wheellie.xd is pmxided by the slow motion 
mechanism. The latter is operated by rotating micron infeed kiinb /. Ilnln- 


lion is transmitted to nut 22 Ibrough a worm and xvorm go.ar ^ralio /t- ~ 
fastened to handwheel 23 in this ca.'e. The dial of the micron infeed knoli 
has 50 divisions. The wheelhe.id i« fed 0.0025 mm per division and 0.125 imn 
per revolution of the dial. 

TUo power Crosswise moxement of the wheelliend in relief prindlnp 
(rolleving motion), in plunpc-cnt prinduig. a? well a* in prinding taper 
thread, is nccomplislied hy a.xial motion of cam 24, a« in rapid band rclMC- 
tion. 

Power infeed in phinpe-etit grlndinf: Is effected by the arlinn of cam .7 
mounted on shaft IV (Fip 327) whicli is drixen from .•■ball / of the work 
spindio drite throupJi reJiexinp chanpe pears 10. Screw 5, in tide r.i*e. is 
twlvancexl to proxido a support for lexer 4, and the b.ir for taper ihre.xd prind- 
ing is removed. The rotation of cam 3 is iransmltlod throuph a ndler. 
lex'cr ‘J and s/ic/e block S to lover 23 The action of the roller- of lexer 23 
on the face cam 2/ provides tbo whcelhead infeed. 

The unit is set up for a pixen depth of prindinp in the p.i'* hy adjii'lim nt 
of slide block S with the adju.<(abJe .support oforip lexer 4 to the required 
scale prariiiation. Relief prindiiif: is perforincd by iii'tallinp a rrliexirp 
cam in place of cam 3 for plunpe-cut grinding Two inlerchnnpeable cani« 
arc furnishoxi xxitfi llie grinder. One is for a relief of 0 02 to 0.3 mm (on taf>«) 
and tlie other for a relief of 0 3 to -i min (on milling cutters and bol «) Work 
i.s relief ground with (able traxel in one dirccliim 

Workpieces with multiple-start Ihre.id can fe relief ground onix tw(.<r 
the condition that the number of flutes is n multiple of the numl er of start' 
An indexing head is u^ed to index the work from «tnrl to .'tart 

Workpieces with lielical flutes are relief ground Iiy installing the requtnd 
chnnpo gears on the diflcrenlial quadrant 12 Thmiipb worm pr.irinp ard 
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i)ovol gofirs, tho difforoiilial gear transmits tlio incromont rotation to tlio 
T-shopod shaft and, tlmroforo, to sJiaft II whoso extension it is. 

In taper thread {>rinding ono of tho intorcliangoahlo taper bars 7 is clamped 
in a slot of tho work table. Screw 5 is retracted as far as it will go. 

Upon taiilo travel, a sliding bar, whoso rollers contact taper har 7 and 
whoso other end hoars upon ono arm of lever 6', actuates tho lovor system 
whicli effects axial movement of nut 22. Tho maximum taper of tho thread 
that can ho ground is i : 5. Thus, taper threads are ground by a combina- 
tion of longitudinal traverse of tho table and cross food of tho wheel- 
head. 

Tho dresser control and wheel-dressing compensator mechanism is powered 
hy a O.Ob-kW electric motor running at 1,390 rpm (Fig. 327), 

Tho infeed of tho dresser slide is effected by a screw with a pitch ol t ~ 


“ 1 mm. 


This screw 


is rotated from tlio motor througli gears 


m 

50’ 


worm 


i 22 

gearing , slotted rocker arm mechanism 7.9, gears a ratchet mocha- 

iO 

nisrn and gears « Dresser slide infeed is motored and is disengaged after 

ono full stroke of the rocker arm and ono working stroke of tho ratchet 
jiawl. Tho rate of infeed is determined hy the number of ratchet wheel tooth 
engaged hy tho pawl in each stroke. 

Hiimiltanoously, rotation is transmitted from tho screw through a system 

of gearing ^ ratio fe nut 18, thereby providing infeed of tho whool- 

hond to comjKmsato for wheel wear in dressing. 

Tho dressing motion of the diamonds is powered by another electric motor 
(O.O.b kW, 1,390 rpm). Tho reciprocating motion is imparted to tho diamonds 

1 1 

through change gears, two sets of worm gearing, and Tjjj, a slotted arm 

mechanism and a system of levers. The speed of diamond travel is sot up 
with change gears. 


Soiling Up llio Thread Grinder (Fig. 327) 

1. Selling u}) lo the pilch (or lead) of the thread to he ground. 
Tlio basic displacornonls are 

1 revolution of tho work — >- /</, 

whore is tlio jiitcli (or load) of the thread to bo ground. 

, The corresjionding gear train equation is 

1 X Ufl ' till 
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wlioro « gg B! 1 for slandanl pHc!j(*« and 
*0 ” ^ for coarso pilcliC'* 

ix = ratio of llio pilch chanjjo /;car* (item 13 i» Fi?. 327) 
*a pilch of (lie Ic.nl 5crcw. 

Ilonco 



2. Seth’n;! up Iho corrocllon har. Tin* r»>rrrcti«ii bar !*» rp«orIrcl lo in ca«oi 
when il is irnpocsiJdo to «cli*cl a >01 of rli.inct' prars wjlli n ‘•uffirinnlly accu- 
rate ratio ix. or wlicn il is nec«*'S.iry to cofnp<>n'aio fnr accumulated error 
in the pilch of the liiroad heme ground or of tlie lead 'creu llireai} 

Figure 328 illustrates iho construction of the correction bar employed In 
tlip model 5822 grinder This bar is ‘Ct to n thimble «rale 

The increment travel is imparted to the talde through a compound nut 
of this inecliani>m which increases the amount i>f correction The rc-tjuired 
angle of inclination of the har i* determined from the formula 
j/ 1* T/r 
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where'idL = increment travel of the table due to bar inclination, mm 
L — length of thread being ground, mm 

iig = -jr = pitch of the lead screw (L,H. thd) 

icn = 2 X 4 mm = lead of the compound nut (2-start R.H. thd) 
i? = 62 mm = effective length of the nut-turning lever. 

The correction bar is set to an angle ^ by turning the thimble the required 
number of divisions /ci- Therefore 


where ig — 1.5 mm = pitch of the thimble screw 

k = 14 = number of divisions on the thimble scale 

I = 160 mm = distance from the bar pivot pin axis to the thimble 
screw axis. 

It follows from the two equations for tan ft that 


hence 


AL InR _ 

L ^ 

AL s/ H^~rtcn 

L ^ kl ^ 2nR 


If the thimble is turned one division {k^ — 1) the amount of correction 
introduced in the accumulated pitch error over a length oi L — 100 mm 
will be 




Os ' ^cn 
2jtR 


After substituting the corresponding values we obtain 

15 ^ + (4X2) 

AL = 100 — — X w — .,.0 ^0.002 mm = 2 microns 


14x100 2a:x62 

3. Setting up the relieving change gears. 

(a) In relieving a cutting tool with straight flutes, the basic displacements are 
1 revolution of the work — vz revolutions of the cam 


where z is the number of teeth (or flutes) on the tool being relieved. 
The gear train equation is 



28 . .20 35 26 

X ^2 ^ ^dif 20 ^ 35 ^ 26 


whore i^, = ratio of the relieving change gears (item 10 in Fig. 327). 
Substituting idif = y (transmission to the T-shaped shaft), we obtain 
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(f)) In rcliof-printjing tools wiili fiolicnl niitc«. nn incrrnirnl rociproralifn 
I *f«"snultPd to lijo Tvlicolhcad llirouch t|m diflrrmtial chattel' coar^ ati-! 
tno (unpronltal poarjn;: in addlUon to its main ntnlion. 

Tho additional motion per revolution o! the unrh U determined hv the 
basic displacoments 

i revolution of tho work revolution of the rani 

• hf 

where Pft/ is the lead of tho lielicnl flutes. 

In this cose, tho pear train equation Is 

i X X V X X X y § X- § X S: . ^ 

where tj, Is tho ratio of titc differential chango pears (item 12 in Tip. 327). 
Then 

. t5rrt\ 

Substituting fv ** ^7 f<'/ “ 4- (transmission to the T-shaped .«haft). 

wo obtain 

trirr.A Ipn/,., 


Con«!(ructinn of the uheelhcail (Fip. 320). Tlie prlnditip wheel l« *el to 
the helix angle of tho thread to he promid hy swlvellinp the wlieel spindle 
housinp in tho same way ns in tlio model .'>rS2 prindor 

SpfndJe 1 (Ftp. 330) rttn.it in l«o thtn-ualJcd himefalltr le.irinp« 3. Tiir 
spindio journals nro emheared hy three pad®, .^paceci at 120 '’ and projecting 
along the whole length of the tapered surface uf the l e.irinp liners, when niil« 
6 are tiphtened. Tho hearings arc pressure-hihricaied from a pr.ir-lvpe pump 
Lubricant is delivered into tho hearing before the .«p«nrile hegni" to rntate. 
thereby on^nrin^ Huid Iriction condition^, not only during regul.nr operation, 
hut during Iho acceleration of the spindle a* we!) If a failure occurs in 
lubricant delivery, the wheel drive motor js nutomaticallj -(witched ofl 
Kcrosono with n .small addition of oif (fO to tr> per cent) i« mod a’> tho liihri- 
canl. 

Bearinp« 3 arc fitted with their external tapered 'urf.ires into the tapered 
bores of sleevp.s 4 which nro press-fitted in hou«inp 5 The «plndle i« loc.ned 
in tho axial direction hy lliru«l ring 2 again«l which the •pindle flange 
hoars. The faco surfaces of (hospindfe flange and «Ice»e are .irrrtjy 
to tho spindio axis nml aro carefully lapped The applic.ition of unilateral 
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thrust through hean'ng7, developed hy the action of springs S, is pormis^ihlo 
in this case because the spindle is subjected to almost negligible forces 
in grinding. 


Attachment! 

The thread grinder is furnished with soveral attachments. These include 
a device for dressing singlo-rib wheels, a crush-form dresser and a profile 
copying dresser. The internal grinding attachment is used to grind internal 
threads, as well as for relief grinding hob*? and thread-milling cutters in 
cases when a large wheel cannot be employed. 
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Precision gear racks, threading chasers, flat thread-rolling dies and tan- 
gential die-head chasers are ground with the flat grinding attachment. 

A detachable graticule microscope serves to check the wheel profile and 
to facilitate thread matching in grinding fine threads. The pitch of the 
thread being ground can be checked directly in the grinder by a special 
optical indexing device consisting of a precision glass scale and spiral- 
graticule microscope. 

Involute helicoidal worms and worms with a straight flank in either the 
normal or axial sections can be ground. 

The removable universal wheel generating dresser is used to correct the 
wheel profile in grinding worms. 

Squirrel-cage induction motors are used in all drives of the grinder with 
the exception of the workhead drive. This latter drive is powered by a d-c 
motor with infinitely variable speeds in a range from 12 to 1,800 rpm (at 
constant torque), as well as a rapid traverse speed of 4,000 rpm. 

The electric circuit provides three modes of operation: setting-up, manual- 
ly controlled and on a semiautomatic cycle. 



CHAPTER 20 

THREAMOLLIN’G MACIIIA-ES 


20-1. General 

Rolled t/ireads have increased stronglli and '\ear resistance over llircads 
produced by cutting duo to the cold forging they receive during tlio rolling 
process. 

Thread-rolling machines operate at exceptionally high rales o! production 
and can form threads of a wido variety, both on soUci and hollow parts of 
all materials possessing sulficiont ducHUty. 

Throe general types of tJjrcad-rolling machines are availal)Io: reciprocat- 
ing (flat-die) machines, cyhndrical-dio machine*, and rotary planetary 
machines having a rotary die and a stationary concave-segment die. 

An automatic continuous-action thread-rolling machine using a cylindri- 
cal die and an annular die has been designed and tlovelopcd Jjy the Moscow 
Machine Tool Engineering Instilnto. 

In the flat-die maclunos (Fig. 33ln), one of the l^^o dies reciprocates in 
reference to the other, stationary die. The stroke of the reciprocating din 
depends upon the diameter of the thread being rolled since the blank makes 
one revolution and the tliroad is completely formed during one .stroke. 

Cylindrical-die machines (Fig. 33(6) operate with the following motions 
in thread rolling, positive rotation of both ilies (in a iwo-dio machinn) in 
the same direction and radial motion of ono of tho dies (rapid approach, 
infeed and retraction). Tho full cycle for forming thread on tho blank, includ- 
ing thread sizing, takes place during ono crosswiso stroke of tlie moving 
die. Tlio full thread profile ts produced in so\eral revolutions of the blank. 

Cylindrical-die thread rolling has found e\tyn«i\D application in tho 
tool industry, especially for rolling llio thread on taps. 

Tho pitch diameter Dp of the dio ihro.ad is equal to 

Dp - adp 





Fir. 331. Die motions fn thread rohin? 



TimMAIMlOUANn MACHINES 


nio 



Jt:i2. DiiiRrain of n rotary jilaiiotary tliroad-rolliiiR proccan naiiiR a rotary dio and an 

annular dio; 

(I (If ilio loimy dll'.; ;)„,j-dlni»(!ti'r of th(! (aatloaiiry niiiutpir rtl(v, c— ('cxi'nlrlclly 

wlioi'o dp I ; pil,cli di a Mini, or of llin Uirnad mi Uio work lioiiif' rollod 
a ■ iiiiiiilior ol’ starl.s of l-lio din Mirnad. 

Uiplil-liaiid llivnad is l,o lin rollod wiUi dins liaviiiff lofl-liaiid lliroad. 

Ill tlio rotary jilaiiotary iiiacliino (l'’i(j. ’A'Mc) only tlio contra] dio rotatos. 
A full tliroad-rolliiiK cycio talco.s placo diirini!: tlio tinio that tlio blank jia.sHos 
tlirmiKli tlio spaco liotwoon tlio rotary dio aiul tlio concavo-Ho/jiiiont dio. 
Tlio loiiRth of [latli ia .snflicioiit for tlio blank to niako sovoral rovolntimi.s. 
Macliino.s of this tyfio arn not widoly nsod bocaiiso of tho hijj:h co.st of iho 
tofds. 

M'ho niothod (if rolling throads liotwoon a rotary dio and an annular dio 
(h’ip. .'{.'{2) is a continnmi.s process, a highly advantaRomiH foatnro in corn- 
inirisoii with l.ho pror.odinij iiiotbod. Moroovor, an annular dio is nincli oasior 
to inaho than Iho (’.onca vo-so(pnont typo (h'lR. IVMc) bocaii.so it roiiniroK no 
Htartiiiff hovol at tho oiids id' tho throad. Tho blanks oiitor at tho wider part 
of Iho /ono liotwoon tho dins. 'I’lio throad is rollod on tho hlaiiK' as tho latter 
liradnally rolls liotwoon tho dies as shown in l'’ip. T12. 


20-2. Gylindricol-Dio Tlirond-Rolllng Machine, 

Modal 5A935 

l*nr|)()So. 'I’ho inodol .hAO.'kh throad-rollinp machine (I'k'p. 332) is intondod 
for forniiiiK threads with cylindrical dies on tap hlanks. 3’hroad with a pitch 
from 1.2.^) to .3 mm, and a diamolor from 3 lo 00 mm can lie rollod. 



Fig. 333. Cylindrical-dic tlircaJ-rollinc machine, model 5A933; 


In? hMd In* 
SUITLY OS, 
CY STOI’ bm* 
•— •■ork lupport 
• mr auiornjiic 
.Ins pw’w 


Tlio maximum permissible rolling force is fO.OOO kg. Tin's is sufficicnl to 
roll a thread G5 mm long with a pitch of 3 mm, or 120 inm long with a pitch 
of 1.25 mm. 

Design features, hydraulie s}Stom and pear trains. The following motions 
occur in the rolling process; 

(1) rotation of the dies mounted on Iho spindles of the moving and sta- 
tionary heads; 

(2) approach of the moving head to the blank at a xariahle speed; 
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(3) fJio infood; 

(/i) dwolJ (wilhout further infood), during wl)ich tho thread is sized; 
tho duration of tho sizing period is rogulaiod by sotting tho timo-dolay relay; 

(5) rapid witlidrawal of tho moving head to a positive stop. 

Three modos of operation are available: manual controls (for sotting up), 
semiautomatic and automatic operation. 

The spindles are driven from tlio speed gearbox whoso driving shaft is 
powered l)y a d.-h-lcW electric motor, running at 1,440 rpm, through a V-holt 

transmission (Fig. 334). 

3’wo cluster gears 21 and 22 (Figs. .3.34 and 33.5), sliding along shaft //, 
can he lirouglit into mesh with tho corresponding gears mounted rigidly 
on sliaft /. Tliis enables four different speeds to he transmitted to driving 
gear 20. 

Gears 1G and 17 are freely mounted on shaft HI. Intermediate gear 17 
meslies with gears 12 and 20 to transmit rotation to driving .shaft V of the 
stationary head spindle. Botation is transmitted to gear freely mounted 
on shaft JIT, from gear 17 througli friction disks 2 and 3 (Fig. 335). Friction 
<lisk 2 is keyed to shaft ITT, while disk 3 is linked to this .shaft by dowel 
pin </, pres.s-rittod into tho huh of tlio disk and passing tlirough a milled slot 
in siiaft TIT. Tiirougli sliding friction di.sk 3, cup (Belleville) springs 5 force 
gears 10 and 17, separated by spacer ring J, against stationary friction disk 2. 

Cu]) springs .5 are adjusted liy nut 6 so that tho gears 10 and 17 transmit 
tlu) roijuired torque. Goar 10 moslios with gear 13 mounted on driving .shaft 
IV of tho moving head. 

notation is transmitted from driving shafts IV and V tlirough flexible 
coupling.s 10 and 11, connecting shafts 0 and .9, flexible couplings 3, 7 
(Fig. 334) and 23 (Fig. 33.5), and worm gearing units 2, 1, d and 5 to spin- 
dles VI and VJI of tho stationary and moving heads. 

Tho floxihlo spindles compensate for misalignment of tho units in roforonco 
to each other, which may in part ho duo to swivel of tho stationary head to 
align tho spindle axes. 

Connecting shaft 9 (Fig. .334) has a splinod section, sliding in sleeve 8 
and thus permitting travel of tho moving head. 

In setting up the machine it may ho necessary to turn one die in relation 
to the other so that tho thread ridges of one are opposite either the ridges 
or thread grooves of tho other, depending upon tho number of starts being 
rolled. This adjustment is made with tho aid of planetary gearing provided 
in tho drive mechanism. 

Sun gear 15 (Figs. 334 and 335) of tho planetary gearing is secured on 
shaft III and meshes with planet gear 14 which, in turn, meshes with the 
inlernal teeth of gear 17. Axle 8 of planet gear 14 is fixed in gear 10 (Figs. 334 
and 335). 
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Fip. 33i. Combined li.Mlraiilic circuit anil pi-jrins: diacrjin ol tin tbriad-rulling machine, 
mutlcl o \9j) 

To turn one die in relation to tLo other, it is necessary to turn pear 1C 
in relation to pear 17. This is done by turning lover 31 and. with it. eccen- 
tric.?5(Fig.335). This shifts shaft 25, compressingspring^^, so that the clutch 
teeth on the shaft end engage those on the end of shaft 111. At the same time. 


33-0Si9 





Fig. 335. Spindle drive reducing gear in the model 5.\l>o5 thread-rolling machine 
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tho boUom of the recess in the end of shaft 25 shifts pusher rod 7, located 
in the hole of shaft III, so that it moves back friction disk 5, acting through 
pm 3 and compressing cup springs 5. 

To turn one of the gears, tho other must be retarded. This i® accom- 
-^0 to tho corresponding (R.H. or L.H.) position 
(Fig. o35, Sections D~D and C-C) so that a Itig on cither of the clutch mem- 
bers 12, mounted on shaft /V or \\ runs up against stop 28 screwed into le- 
ver 10. 


Rotation is transmitted from handwheel 32 (Fig. 335) through hovel gears 
19 and 18 (Figs. 334 and 335) to shaft III and sun gear 15 of tho planctarv 
gearing. 

If gear 17 is retarded, then planet gear 14, rolling around the internal 


teeth of gear 17, will rotate gear 16 (ratio i = and, consequently, the 
spindle of tho moving head with its clamped die. 

If, on the other hand, gear 16 is retarded, then planet gear 14 will he the 


intermediate gear in tho transmission with the Internal gearing (ratio i *» 
= gear 77 will rotate relative togcar/(/, and tho die on tho station- 

ary head spindle will rotate relative to the other dio. 

After sotting up and aligning the relative positions of tho dies, lover 3! 
is shifted back to the position where tho eccentric allows spring to disen- 
gage shafts 25 and III, and cup springs 5 to press friction disks 2 and 3 
against gears 16 and 17 again 

Mounted on lever 70 is stop 9 which operates a limit switch when the ma- 
chine is being sot up and disconnects it from the pow er supply. 

Tho double cluster gears are shifted by means of face cam 27 with a chueil 
slot. This cam is rotated by handwheel 29, brought out on the front wall 
of the machine. 

Tho four positions of the tYvo cluster gears (Fig. 335) provide for four spin- 
dle speeds: 25 5, 39. 63 and 100 rpm These yoIucs aro cngra\ed on the hub 
of handwheel 29 and are visible in the slot of indicating member 30 

The hydraulic system provides for moving head approach at a variable 
speed, penetration of the die into tho blank (infoed) and dwell of the m-am" 
head against a stop to size tho thread 

A I.7-kW electric motor running at 970 rpm drive? vane pump 33 
(Fig. 334), operating with a maximum pressure of p — C5 kn per 'q cm and 
a delivery of ^ = 12 litres per min Tho pump draw? oil fr.mj lank oV; 

Back-pressure valve 34 is sol to the given pressure Oil pa-ev fn.m valve 
34 through fino filler,?.? to tho central groove of reversing valve 30 Reversinr 
valve 50 is operated by four-way pilot valve 55 which m turn, is c.mtroHe- 
hv solenoid 31. When the solenoid is de-cnergized. ml fl-.w* ihrmigb O- 
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central groove of the reversing valve to flow-control valve 29 which is con- 
nected by piping to the ends of the cylinders and to pressure switch 26. 

\^^en the moving head travels to the left, dog 28 releases limit switch 27. 
As the dies contact the blank, pressure is built up in the system until pres- 
sure switch 26 is operated. The pressure switch closes a motor-type time- 
delay relay. 

Infeed of the moving head is limited by a positive stop. This is followed 
by thread sizing. The time-delay relay is set up beforehand. At the end of 
this preset period of time, solenoid 31 is de-energized by the relay, and pilot 
valve 32 is shifted upward by spring action. As a result, the reversing valve 
spool is shifted downward and oil from the cylinder drains through the 
grooves of the reversing valve and back to the tank. At this, the head is 
withdrawn to the initial position by the action of spring 25. 

Handwheel 23 is mounted on the right end of the stop bar, and differential 
screw 2i is provided to adjust the position of the head and the length of the 
stroke to suit the diameter of the thread to be rolled. 

The cycle switch is turned to the AUTO position for operation on an auto- 
matic cycle. In this case, dog 28 operates limit switch 27 again when the mov- 
ing head is withdrawn. This energizes solenoid 31 and the cycle is repeated. 

The machine will operate on a semiautomatic cycle if the cycle switch 
is turned to the SEMIAUTO position. In this mode of operation, the moving 
head stops in the initial position after each cycle. To repeat the cycle it is 
necessary to press the START push button again. 

In setting-up operation with manual controls, solenoid 31 is energized 
and de-energized only when the START and STOP push buttons are pressed. 

The construction provides for the installation of an automatic loading 
device, enabling the machine to be built into a transfer machine. 



CHAPTER 2i 

GEAR-GRINDirs'G MACHINES 


Special precision gear-grinding machines, operating by the generating 
principle and using an involute cam, are employed in tool production for 
grinding rotary gear shaving and shaping cutters, and master gears. 

Machines are being manufactured in !ho USSR which grind the teeth of 
gear-shaping cutters with a worm-type wheel, i.e., a grinding wheel on ^\hich 
a helical thread has hcen developed. 


2M. Gear-Grinding Machine, Model 5893 

The most critical and cotnple.x operation in tho production of gear-shaping 
cutters and master gears is the grinding of tho tooth profile. 

The Involute profile of shaping cutter teeth is ground in special semiauto- 
matic machines which operate by the generating principle, the cutter being 
periodically indexed from tooth to tooth. Only one Dank oi the tooth is ground 
in each cycle. The generating motion is imparted to tho workpiece. Cut- 
ler teeth grinding is based on the meshing of the cutler nith a ffolionary 
generating rack of which Ibo actho tvliccl surface represents tho flank of one 
tooth. 

The TV’eJl-known principle of constructing an involute curse has been used 
in the design of the model 5893 gear grinder (Fig. 33G). This principle has 
been realized as shown schematically in Fig 337. The generating lino C’C* 
is stationary while tho base circle rotates uniformly about its centre and also 
travels in a straight line parallel to line C’C at a velocity equal to the periph- 
eral velocity of a point lying on tho base circle- 

in the semiautomatic grinder being described, tho tangent A'A' to the 
involute curve (ooa) is TepTcsculcd by the flat face of the grinding uheel, 
while tho second involute curve (bob) is the profile of an accurate c.nm. co.i.<jal 
with the cutter being ground and held in constant contact uilh tho roller 
of a stationary stop by the action of a spring or weight Thus, the profile 
bob of tho cam slides along the stationarj tangent ff’B . conl.irting it at 
point 5, while the profiio of (he cutter tooth slides along tangent A A . 
contacting the piano of the grinding wheel (or, more ox.inly. the trace of 
this piano) at point A. 
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The described melliod of travers- 
ing tho wheel slide parallel to the 
generating line is not employed in 
practice since all the grinding would 
bo carried out by one circle of the 
wheel, tho ono described by point 
J. This would lead to rapid wear 
of the wheel and a consequently 
lower accuracy of tho ground tooth 
profile. iMoreover, this airaTjgoment 
requires that the base circles of the 
cam and shaping cutter e-taclly 
coincide. Therefore, it would be 
necessary to have a separate cam 
for each cutter with a different pitch 
diameter (the base circle of tho cam 
is, in a sense, tho pitch circle of the 
cutter). These drawbacks can be 
eliminated by an arrangement in 
which the wheel slide, together with 
the generating line, is set at an angle c,,, to tho wheel spindle axis (Fig. 333). 
In this case, tho acthe surface of the wheel will not bo a single circle, as in 
the arrangement of Fig. 337, but an annular surface since the centre of tlie 
cutter base circle travels from position Oi to 0:, along tho line OiOgt while 
the cutter tooth profile (or rather its point of contact willi I lie wheel) mo\es 
from Ml to Mg. 

A second advantage ici setting the slide at varioije angles a„f is that tho 
same cam can be employed for grinding cutters with difleronl pilch diamo- 
ters. It has been established in practice that those \anali 0 n 3 in the selling 
angle, required to enable ono cam to accommodate dillcront sires of cultcre, 
must be within the range from to 30® (or. belter slill. from 16“ to 23 ). 
This restriction is based on Iho possible mtcrfcronco of the wheel with tlm 
next tooth of the cutter at larger values of a„t Besides. Ibc larger the angle 
a,j,, tho larger the 20 no Mi.'ifg will bo This, however, lcad« In an exces- 
sively largo difference between tho penphera! speeds at the iiui\imum and 
minimum diameters of the actn-c rone, causing nonuriiform near of ^the 
wheel. In practice, the setlingangfe is selected from tho inp«]uaiity i0° ^ 
^ ate( where a is the pressure angle of thoshapingcuU«‘r to bo ground. 

C,car trains of the grinder (Fig. 339). Rotation is traiiimaied from electric 
motor 1 (i kW, 930 rpm) through V-boU drive 2 with fmir-step pullej-s, 
and cone friction clutch 3 to xvorm shaft II. Rotation 1 - iran?mittod further 
to two gear trains: the work head roll and the indexing gear trains. 
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Cutter taoth profile 

^ A 
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n r % 4 

Cam profile ^ 

i I 



Cutter base 
circle 


Cam base circle 




Fig. 33S. Slide arrangement at the setting angle 


Mounted on the same shaft 15 with worm wheel 13 is crank disk 11 with 
a diametrical slot milled in one face. Block 77, adjusted along this slot by 
screw id, carries a crankpin linked through a ball bearing to connecting 
rod 18. Upon rotation of worm 12 and worm wheel 75, connecting rod 18 
and the subsequent lever system transmit an oscillating motion about the 
work spindle axis to the workhead. 

The speed and amplitude of workhead motion are determined by the speed 
of worm shaft 77 and the crankpin radius (position of block 77) which can be 
varied in a range from 50 to 110 mm. 

In workhead oscillation, involute cam d, clamped on the work spindle, 
bears against the stationary face of adjustable stop 7, imparting a reciprocat- 
ing motion to the workhead along the roller ways of slide 8 which are set 
at an angle to the horizontal. 

Weight 9 holds cam d in constant contact with the face of stop 7. 

To grind the next tooth, the work is turned by the indexing mechanism 
mounted in the workhead (Fig. 340). Worm 19 of the indexing mechanism 
is driven from shaft 77 (Fig. 339) through two pairs of bevel gears, 10 and 
and flexible shaft 5. 
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Cam 18 (Fig. 340) is mounted on tbo same shaft with worm wheel 21 While 
the tooth profile is being ground, tbo tooth of locking lever 1/ engage- .i “ilot 
of index plate 12, tying the whole system into an integral unit. 

Wien the tooth has heon ground, cam IS retracts locking Je\er 17 to relen'o 
the index plate. Roller 20, mounted m the end fare of worm wheel 21, enter? 
a slot of Geneva wheel 22, turning it through one-fourtii of n revolution. 

Through the indexing change gears ^ X ^and gears 10 and S, the roller 

turns the work spindle through the required .ingle. 

The u'orkhead (Fig. 3-il) has two concentric <pind|ps. The outer «pindle 
5 is mounted in hall hearings in housing tf. Thic <piiid)e Carrie's holder •/ on 
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f rlatc and t!,c 

next tooth is ground on the shaping cutler. 

The second side of the teeth is ground after Iho first side has been ground 
on all the cutters in tho Jot. For tb/s purpose the whoelhead is swivelled 
to the same angle in the opposite direction. 

The indexing motion of four-slot Genova wheel through one-fourth of a 
revolution corresponds to rotation of the shaping cutter being ground through 

— of a revolution, wheresis its number of teeth. Tims, the ratio of the i/ide.T- 
ing change gears can be determined from the equation 


Hence, since 2,0 == 33 and 2 « 


: 198 


The index plate is selected nilb a number of slots equal to or n inulliplc 
of the number of teeth on tho cutter to be ground. 

The setting angle of the worhhead can bo dotermined from tho relationship 


cos (z. ft 


dl> 

Otc 


where d* s= diameter of tho base circle of the shaping cutler 
Dtc — diameter of tho base circle of tbo cam 
The workheadcan be swivelled by turning handle 23 (Fig. 33D) alter discon- 
necting the lever system. To replace the active section of the involute cam 
upon wear, housing 9 (Fig. 341) is removed from Ilango 7. Spindle 5 wiili 
involute cam 3 can then bo turned to the required position. 

The ivheelh^ad (Fig. 336) can bo adjusted as follows: \ertical adjustmcnl 
to set the height of the vheel to tho root diameter of the shaping cutter; cre**:^- 
wise axial adjustment of the wheel (column adjustment); and column adjt/st- 
mhnt together with the whcolhead along tho axis of the siiaping cullcfjicing 
ground. • 

Grinding ivhcel 19 (Fig. 339) is powered Uirougli .i V-bcll drne from .i sep.i- 
rato electric motor 20 A wheel of largo dinmolcr is used to cnahlc the whole 
face width of the cutter to bo ground wilhoul maling Iho bottom land eree<- 
sively curvilinear. . „ 

The wheelhead can be swivelled about a vertical, axis to set it to the 
side clearance angle, or to the helix angle in grinding lielical 5b.iping 
cutters. 
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CHAPTER 22 

JIG-BORIi\G jMACHIiNES 


22*1. General 

Jig borers are used to niacbino boles ribicli must bo located uitli a bioli 
of accuracy in reference to the datum surfaces of llio workpiece 
in 0.003, or oven 0.001 mm). In addition to all kinds of fiole-moking op, .ra- 
tions, these precise machines can bo employed for milling Pat surfaces, and 
as a measuring machine for inspection and Jayout operations. 

Tho measuring systems used to establish precise co-ordinate location ran 
be classified as: mechanical, opUcomochanical, opUcaJ, opllcoclcclric and 
electric. 

This chapter deals with the Soviet jig borer, model 2BViO, which has an 
opticomechanical co-ordinate reading and measuring system, ufing preci-sely 
engraved flat glass scales and a viewing screen with a spiral eyepieco micro- 
meter, and with model 2A<550 which is an aulo-posilioning machine incor- 
porating co-ordinato preselection. 


22-2, Jig-Boring KachinB, Made) 2E44D 

General Data and Brief SpeelflcailBne 

This jig borer (fjg- 343j is intended for machining the holes of jigs, fixtiircs 
and various parts requiring accurately located holo centres wlio«P dimensions 
may bo given in either rectangular or polar co-ordinate system's. 

Holes up to 40 mm in diameter can ho drilled, precision templates can lie 
layed out, and linear and centro-to-centro distances can bo measured. Tlic 
provision of power feed of the table and saddle enaldc' ]ight-clut> imlluig 
operations to be performed. 

The jig borer is furnished with a rotary and inclinable (utiuer«al) table 
employed for the following operations- (a) niachinuig Imles whon' centres 
are specified in tho polar sy.sleni of co-ordinaies. (b) indexing b> me.ms of 
index pl.ntes, and (c) machining inclined holes 

Various accessories facilitate jig borer operation Tbe'-o inrhide centre- 
locators, toolholdcrs. etc. A horizontal rotarx table is .rU<> axailable 

In design this model is cla«e‘l with the single-column pg borers Ii.iMiig 
a compound table and a «=pimfle head travelling along the ierHc.aJ «.r,s 
tho L-shaped cohmin. 




Fig. 343. .Tig-boring niachino, inoilel 2B440: 

j — knob for .scilin" ilic cross travel scale to zero; ? — saddle travel speed regulator; 5 — handwheel for 
hand saddle traverse; j — knob of the spiral eyepiece micrometer for the cross travel scale; 5 — screens 
and push-button controls: c— spindle; r— speed ranpe indicator; fi— ammeter; S— spindle speed tacho- 
meter; JO— spindle feed indicator; jj— le^'er for disengagin'); and re\'ersing spindle feed; is — lever for 
clampincr the spindle head; I5 — handwheel for changing spindle feeds; 14 — handwheel for hand feed 
of the spindle; is — lever for clamping the table; J6— knob of the spiral eyepiece micrometer for tlic longi- 
tudinal travel scale; 17 — handwheel for hand table traverse; is — table travel speed regulator; 19 — 
saddle; so— lever for clamping the saddle; Si — knob for setting the longitudinal travel scale to zero; 
00— base; 00 — column; 04— speed gearbox; 05— handwheel for vertical adjustment of the spindle head: 
06 — guide unit: or — handwheel for ch.anging spindle speed ranges; os — spindle head; 29 — double handle 
for raising and lowering the spindle quill; 50— table 
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This jig borer is equipped with a highly porfected optical measuring system 
based on the use of flat glass precision scales and a screen with a spiral optical 
micrometer. 

The main drive is powered by a variable-speed d-c electric motor. The 
motor is regulated by the G-M system (generalor-motor set according to the 
Ward-Leonard system) in a raugo ol 4 : 1. 

The range of speed provided by the variablo-speod motor is expanded by 
the use of a simple gearbox. 

The travel of the spindle bead Is only for its vertical adjustment. 

Quill traverse to provide spindle feeds is accomplished by a linked dri>o 
which effects stepless feed variation. 

The table and saddle are traversed by a drive based upon a il-c electric 
motor running at infinitely variable speeds and supplied by a rotary ampli- 
fier (-R/1) to which It is connected in series. 

The purpose of the table and saddle drive in this machine is not for power 
positioning motions to make co-ordinale sellings, since this typo of drive 
does not provide sufficiently low travorso speeds for this purpose. 

The jig borer finds application in tool rooms, as v,ell as in machine and 
instrument shops for both pieco and lot production. 

Tbo principal data concerning the model 211110 ;ig borer arc given in the 
following specifications: 

Hrlcl Speclficaltons 
Wotkifig surface ot ilio tabic, ram . 

Boring capacity, mm 
Drilling capacil), lum 
Spindle speed ranges, tpm 


Range of spindle quill feeds, rom per rev . 

Range ol stepless table (and saddle) feeda. ram per mm 
Speed of rapid table traverse, rom per imn 
Co-ordinate table setting accuracy, mm 
Electric motors' 

Main drne 
power, kW 
nominal speed, rpm 
Table and saddle drives- 
power, kW 
nominal speed, rpm 
Generator drive- 
power, ktV 
nominal speed, rpm 


SL-O X 400 

2:>u 

'ii) 

50 to ^00 
1-55 to 575 
50S to 2,000 
U03 to O.lC 
IG to 320 
8uu 
o.wl 


700 

0 245 
3, COO 

4.5 

t.450 


31-0619 
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Construction and Gear Trains 

Base 22 (Fig. 343) of the jig borer is of box-shaped design, stiffened by heavy 
internal ribbing. Saddle 19 , travelling in the crosswise direction on the bed 
ways, has the same type of ways on top, square to the bed ways. Work ta- 
ble 30 travels in the longitudinal direction on the saddle ways. 

Both sets of ways are of the antifriction type with steel rollers held in metal 
retainers. Of each set,- one is a V-type and the other a flat way. 

The table drive is from d-c variable-speed electric motor 1 (Fig. 344) rated 
at 0.245 kW and having a nominal speed of 3,600 rpm. The subsequent gear 
train consists of the double worm gearing 14 , 15 , 16 and 17 , rack pinion 18 
and rack 19 secured to the table. 

The saddle drive, through the members 6 , 7 , 8 , 9 , 10 and 11 , is similar 
to the table drive except that the reducing gear of the former is mounted 
on the saddle and travels with it in reference to rack 11 , fastened to the 
base. 

Handwheels 2 , mounted on the shafts of motors 1 and brought out on the 
front wall of the control desk (see items 3 and 17 in Fig. 343), are used for 
fine manual settings of the co-ordinate dimensions. The speed of each motor 
1 (Fig. 344) can bo regulated in a 50 : 1 range, thereby enabling the table 
(and saddle) to be rapidly traversed at a speed of 800 mm per min, and sur- 
faces to be milled and positioning motions to be made at speeds from IG to 
320 mm per min. 

The table is locked by turning lever 4 (Fig. 344). This screws the threaded 
end of the shaft out of nut 12 , developing a spreading force between clamping 
members and 13 . 

The saddle is locked in the same way, except that the rotation of lever 23 
is transmitted to the screw through the crossed helical gears 21 . In this 
case the action of the screw and nut 20 actuates clamping members 5 
and 22 . 

The attainable accuracy of centre-to-centre distances between bored holes, 
the accuracy of the geometrical features of the holes and their surface finish 
depend to a considerable extent upon the construction of the spindle 
unit. 

Single-row roller bearings 3 and 4 (Fig. 345) are the radial supports of 
spindle 5 . The lower bearing is assembled with a slight preload (3 to 0 mi- 
crons), and the upper with a slight clearance or preload (±2 microns). Axial 
loads are carried by ball thrust bearings 2 . Nut 2 at the top end holds the 
spindle unit together. The spindle is linked to the main drive through spline 
shaft 1 (Fig. 346) whoso upper end is fitted in the spline hole of hollow shaft 
54 (Figs. 344 and 346) of the speed gearbox and whose lower end is fitted 
in the upper spline hole of hollow spindle 5 (Fig. 345). This linkage relieves 
the spindle of radial loads which could develop due to misalignment of the 
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spindlo and shaft (Fig. 346) since connecting 
spline shaft J. mates with these two elements 
with certain definite clearances between the re- 
latively short mating surfaces. Another advan- 
tage is tliafc the spindlo can ho designed much 
shorter and its upper end does not protrude 
from the speed gearbox. 

Boring spindle 5 (Fig. 345) is driven by vari- 
able-speed d-c electric motor 71 (2 IcW, 700 to 
2,800 rpm) through V-bolts running over pulleys 
70 and 12 (Fig. 344), and a throe-stage speed 
gearbox (Figs. 344 and 346), 

The first range of spindlo speeds is obtained 
through the following gear train: driven pulley 
42 and gears 4.4, 45, 52 and 58. To obtain the 
second range, gears 52 and 58 are disengaged and 
gears 48 and 56 are brought into engagement. 
Gears 53 and transmit rotation to the spin- 
dle through the spline shaft. The third and high- 
est range is obtained when driven pulley 42 is 
linked directly to the spindlo by engaging claw 
clutch 46 with hollow spline shaft 54 (Fig. 346). 
In this case, gears 48, 52, 53 and 56 do not par- 
ticipate in the drive. 

Within each of these throe ranges of spindle 
rotation, the speeds are infinitely variable duo to 
regulation of motoi speed in a 4 ; 1 range. 

The sliding gears and clutcli are shifted by le- 
vers, one end of which enters one of the slots in 
control drum 47 (Fig. 344). This control drum is 
rotated to the required position by turning hand- 
wheel 88, rotation being transmitted through bev- 
el gears 39 and spur gears 41. On disk 40, turned 
simultaneously with drum 47, figures are 
engraved indicating the maximum and minimum 
speeds of each range. 

*T]io food motion is transmitted through the 
following gear train: gear 55 (Figs. 344 and 34G) 
rotates together with hollow shaft 54 and drives 


I'iR. 3''i5. Spiiullc nail of whoso .shaft the driving cones of 

ilio jig borer adjustable pulley 60 are mounted. Rotation 

is transmitted to the corresponding driven cones of this stoploss speod- 
changing device through ring 61. 
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By turning handwheel 68 (Fig. 344), combination nut and gear 64 (Figs. 344 
and 346) is rotated through bevel gearing 69 and spur gears 65 . Tie-rod 62 is 
thus shifted axially and, since it is linked to the upper driving and lower driv- 
en cones of the stepless drive, it changes the transmission ratio of the lat- 
ter. Thus, the driving cones can he brought closer together and the driven 
cones simultaneousljf spread apart to increase the speed of worm 59 , or the 
driving cones can he spread and the driven brought together to, reduce the 
speed of worm 59 . This arrangement provides for infinitely variable feeds per 
spindle revolution. 

The rate of feed is indicated on drum 67 (Fig. 344) which is also rotated 
Ihrough gears 65 and 66 when handwheel 68 is turned. 

On the shaft of worm wheel 58 (Figs. 344 and 346), driven by worm 59 , 
a wo bevel gears 51 are freelj’- mounted (Fig. 344). These bevel gears mesh 
constantly with bevel gear ^9. The engagement of clutch 50 to one of gears 
51 provides for either right- or left-hand rotation of worm 28 . Thus, the 
.spindle can be fed either np or down. 

Worm wheel 27 is freelj^ mounted on the shaft of rack pinion 81 which 
is in constant mesh with rack 82 of spindle quill 24 (Figs. 344 and 345). Worm 
wheel 27 is linked to the shaft of pinion 81 by means of a clutch mounted 
in the worm Avheel and engaged by shifting double lever 29 fitted on the shaft 
of pinion 81 . 

If the clutch is disengaged, rack pinion 81 can be rotated directly from 
the double lover to rapidly raise or lower spindle quill 24 . 

Fine hand feed is effected bj’’ turning handwheel 25 whose rotation is trans- 
mitted through gears 26 . 

Working power feed is automatically disengaged, when the preset depth 
of machining is reached, hj^ dog 35 which can be adjusted on dial 34 . This 
•dog shifts gear 36 out of mesh with gear 37 . 

Disengagement occurs when the zero graduation of the dial coincides with 
the zero graduation of the vernier. This device operates with a linear accu- 
racy within 0.2 or 0.3 mm. 

A reducing gear train consisting of gears 30 , 31 , 32 and 33 is provided 
between dial 34 and the shaft of rack pinion 81 . Consequently, the 
■dial makes only one revolution for the whole length of spindle quill 
travel. 

The set-up spindle speed is indicated on a tachometer driven through spur 
gears 55 and 57 and crossed helical gears 63 . 

A gear-type lubrication pump is driven by spur gears 43 from the interme- 
diate shaft. 

The spindle head is adjusted manually along the vertical ways by turning 
handwheel 25 (Fig. 343) whose rotation is transmitted through worm gearing 
and bevel gearing to rack pinion 75 (Fig. 344) which meshes with rack 79 
.-secured to the spindle head housing. 
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Spindle head 25 (Fiff 3M) « JocM on the V-„ys Ly clamps nlucl, arc 
acluatod through tie-rods and screws T4 and TS (Fig. 3'/,). ge.iia T2 and TC 
and combination gears and nuts 73 and 77. when lever SO is shill e.l. 

CpHwJ Sjifttm 

Table travel is measured in making co-ordinate settings by mean^ of pro- 
cision glass scales and an optical system onabUug greatly masnified images of 
tiiQ scale graduations and figures^ as noli as a spiral nu’eremeter reticle, to be 
projected on easily read screens. 

The jig borer actually has two such optical systems: one for reading the 
amount of longitudinal travel of the table, and fbe other hr cross tra\cl 
of the saddle. 

The table scale is a moving element of the longitudinal system (see Fig. 3ii) 
being secured to the table and travelling with it in respect to Ibe rest of the 
optical system. 

The optical system is the moving clement of the cross travel s>-sloni and 
travels crosswise in respect to the stationary saddle scale secured to thelmso. 

Tho two optical systems are identical except tbat prism.« and mirrors arc 
included in the cross travel system to change the path of the light beam 
and enable the eyepiece to be more conveniently located. 

Only the longitudinal optical system for table tra\el is considered in the 
following (Fig. 347 q), The beam passes from the electric binip of illumina- 
tor 1 through collecting and condensing lenses 2 and 3 and Is condensed in tho 
plane of tho graduations of scale 5. Glass strip d has nr> graduations; its pur- 
pose is to protect the scale surface with graduations against dust. 

The beam of ligld passes through glass scale S, objeclivo C and optical flat 
7 projecting a fivefold magnified image of the scale graduations and figures 
■onto the plane of the reticle on which the spiral eyepiece micrometer 5 has 
been engraved. « . i 

After passing further through projection eyepiece 9 and cover glass /O, 
the image of the scale graduations is reflected from flat mirrors H and J3 
and projected onto screen 12 with a magnification of CO \ Tlio fractional part 
of tho dimension is read by the aid of the spiral micrometer nhich is also 
projected onto tlir screen (Fig, JiTb) Rc.nliiiBs to 0 001 inm are mailc 

'''xhe'^ntical .ysteni incorporales a correction douce olncli cofflpeiMalr. 
for errors in graduating tho glass scales, introduces corrorlions into tbcre.id- 
ing on the scale and eliminates accumulated error 

Correction is eflected by turning optical flat t (Pig- Sna) about a bon- 
rontTavis: twr shifts the scale imago ou tho screen by tho required 
amount. 
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Fig. 347. Optical system of llie model 2B440 jig borer; 

path diagram; (b) rotary and stationary reticles of the spiral eyepiece micrometer; (c) co-ordi- 
nate readings on the screens 


The optical flat, mounted in the path of the light beam, is tilted by means 
of a lever system actuated by a correction bar mounted' on the table (or base). 
Both accumulated and local errors in the graduations of the glass scale can 
be compensated for by the correction bar. Tlie bar is swivelled to tlie required 
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angle to correct accumulated errors; tho aclh-o surfaco of llic luir ;< made 
Wltti an appropriately curved proBlo to correct liiral errors. 

To sliift the image of a scale Brailoalion by 0.001 mm on liie fcrocn. tlio 
lev_cr must bo raised or loivered by 0.2 niiii on tlie correclion bar. 

bpiral eyepiece micromelcr S lias t^\*o reticle?, one rolarv .ind ilie otLor 
stationary (Fig. 3476). 

Engraved on tho rotary reticle is a double Archimetloan fpirAl who-e pitch 
is equal to 0.5 mm. This corresponds to 0.1 mm of scale J (Fig. w)io«o 
imago is projected onto the plane of the reticle with a fivefold inagcufica- 
lion. 


A circular scale in the centre of the rotary reticle (Fig. .Vi76) h.i« UK) gntd- 
uations, each fifth graduation being numbered. The rotary reticle ran ho 
rotated in reference to tbe stationary one on vvhich an iiufe.v line and arrow 
head are engraved. The inde.t lino is divided into ten equal division-’ 
(Fig. 347c) of a size equal to the pilch of the spiral engraved on the rotary 
reticle. 

The index lino graduations arc nunibereri .mid. when the circular scafo 
ia sot to xoro opposile tho arrow, thc-’o gradnaiioti' are in tlie middle of the 
corresponding turn of the •’pirai In each full revolution of the rol.ir.v reticle, 
tbe spiral is shifted in reference to the stationary inilct line by one pitch, 
i.o., 0,1 mm. Lineal shift of lltc spiral !»y yiio pitch corrf«pond>! to om* full 
revolution of the circular scale Therefore, its ./ivi«ioiJ» areeqii.ii to 0 f inni x 
X-T^r « 0.001 mm or one microti Thi« ?o-ialled micron scale j.*. u«ed to reail 


off hundredths and thousandths of a uiillinclre. 

When the circular .icale graduation^ repre'Ci-ting liumlredth*! .iml thou- 
sandths are turned to the index line the ^pir.il »' 'luficd by the ^anw amnutil 
in reference to tho index lino graduation' , , 

As the table (or sacfi/ie) is traversed, the /mage of the niimbirnl nniii- 
metre graduations ul the glass scale nn/ve* abmg the index line. 

The rotary reticle (Fig 3'uf>) is arranged in a mount which i« rol.ittd 
through a system of gearing by turning Kmib /o ll-ig .ii>) 

It proves convenient in reading ..(I the co-orduute dimen=i.m« l-. ii‘*uim> 
that llio initial pof.ti..., » one in nhuh Hw ccntr,. Ibe Mr I ,n 

vvQckpteco clampwl on the nork l..ble made 1.. r.nnrnle .Mil, the 
axis. This is done m the foilowing voider , , 

{!) the zero gratlu.vti.in of the circular -calc -et oppo.ilr the in, lev arrov 

''V)“by"'turnini’ knob SI the image of the ncarc-l milli-nclc gcolirntjon 
is sit T?tirm,rf,lirnt the spiral ion. dm.g,....c,l a- icro -the nee on tbe 

knob 4 (Fige 3-13) .'ind then knob 1: 
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Rotary reiicle 
5 ^ 5 6 7 


Stationaru reticle 
8 1 3 70 77 72 




Viev/ facing arrov/ A 
^ — — [—• — ^Rotary reticle 


Cross travel 



Longitudinal travel 
screen 



Stationary 

reticle 


li I I I I II n II n I I 11 {* I 

1098765^43210 


\o ^5 eo 


795.217 


308.673 


/ ^ system of the model 2B440 jiV borer- 

(«) n...t path cBa^am: (h) rotary ey?p.ce micrometer; (e) 


co-ortll- 


otT'levJr ‘''IKxl by moans 

bVui ^i' " mounlod on Uio talile (or liaso). 

uoili acciimulaletl and local errors in the graduations of the ff]a<?s scale can 

be compensated for by the correction bar. Tlie bar is swivelled fo the required 




-2. JiG-BOni.VC 3JACm.Vf*, MopEt 


angle to comet accumvhted mocs; tie actho surfaco of lf,o har h oia.lo 
w,Mi an appropriately curvoil profile to correct local errors. 

Jo sliijt tlio imajo of a scale gracliralion liy 0.001 mm on tlio .screen, tlio 
lover must be raised or lowcrerl by 0.2 mm on tlio correction liar. 

fapiral eyepiece micrometer ^ bas two reticles, one rotary and flip oilier 
stationary (Fig. 3476). 

Engraved on the rotary rolicio h a double Archimedean .•'p/raJ «hf»«e pitch 
IS equal to 0.5 mm. This corresponds to 0.1 mm of scale J (Fig. Vila) whose 
imago is projected onto tho piano of Iho rolic/o nifh a ftvi'foUl 
tion. 


A circular scale in the centre of the rotary reticle (Fig, 3576) has \00 grad- 
uations, each fifth graduation being nunihorod. The rotary reticle c.nn ho 
rotated in reference to the stationary one on which an index line and .nrrow 
head are engraved. The index line is divided into ten rtjiial lli^i«io^s 
(Fig. 347c) of a size equal to llio pilch of the spir.il cngravcil on the rotary 
reticle. 

The indo.v lino graduations are numbered and. wljon the circular .«cale 
is set to zero opposite the arrow, t|ie«o graduations are in llio middle of the 
corresponding turn of the '■piral. In each full revolution of liio rotary reticle, 
the spiral is shifted in reference to the stationary inilo.x lino hy otic pilch, 
i.e., 0.1 mm. Linear shift of the spiral by one pilch corresponds lo one full 
revolution of the circular scale. T/iercforc, its divisions are cqiial lo O.I nun X 


= 0.001 mni or one micrnii This so-called micron scale is u«pd to read 

off hundredths and thousandtlis of a oullimetrc. 

When the circular scale graduations representing hundredths and thou- 
sandths are turned to the index line, the spiral i« shifted hy the same amount 
in reference to the index line graduations. 

As the table (or saddle) is traversed, tho imago of the numbered milli- 
metre graduations of tho glass scale moves along tho indo.x lino. 

The rotary reticle (Fig. 3476) is arranged in a mount which rolalod 
through a system of gearing' by turning J»noh J6 (Fig, 343). 

It proves convenient ni reading off tho co-ordinato dimensions to ll'^^usnc 
that the initial position is one in which tho centre of tho datum hole in the 
worhpieco clamped on the nork table is made to coincido witli the spindle 
axis. This is done in tho following order. _ , . , 

(1) the zero graduation of tho circular scale i-^ 'el opposite tlie index arrow 

by turning hnoh 75; „ 

(2) by turning knob ^7 the imago of the nearest millimelre graduation 

is sei to tho middle of tho spiral turn designated a^ rcrn (tho view on ttie 
screen will be as in Fig. 347c); , r . . 

(3) tho same setting made on Iho ern^s travel 'croen hy first lurmn^ 
knob 7 (Fig. 343) and then knob /; 
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(4) the co-ordinate settings for longitudinal and cross travel are deter- 
mined by adding or subtracting the given dimensions (depending upon 
the direction of travel) to or from the initial readings; 

(5) the hundredths and thousandths in the fractional part of the dimen- 
sion are set up on the circular scale by turning knobs 16 and 4; 

(6) the table (or saddle) is traversed to a position where the numbered 
millimetre graduation of glass scale 5 (Fig. 347fl) coincides with the middle 
of the spiral turn corresponding to the number of tenths in the fractional 
part of the dimension being set up. 

A view of the screens with definite settings is given in Fig. 347c. 

Thus, the complete dimension consists of whole millimetres, tenths, 
and hundredths and thousandths of a millimetre which are represented by the 
numbered graduations of the glass scale, numbered turns of the spiral and 
the reading on the circular scale, respectively. 


Electric Circuit 

The electric circuit of the jig borer (Fig. 348) includes the electric drives 
for the spindle, table, saddle and coolant pump; lighting facilities for the 
optical system; interlocking and protection of certain units under various 
operating conditions. 

Boring spindle rotation, and traverse of the table and saddle are pow- 
■ered by d-c electric motors; and induction motor drives the coolant 
pump. 

The spindle drive motor is supplied from a generator-motor set, the table 
■and saddle motors are supplied from a rotary amplifier. 

The machine circuit is connected to the power supply by turning the 
rotary main line switch MLS. At this, lamps ISL and 2SL illuminate the 
dial of the speed gearbox. 

A voltage is applied over the field windings of motor M and genera- 
tor G by the selenium rectifier SR, and over the field windings of motors 
TM and SM from generator G. 

The generator and rotary amplifier RA are switched on in the following 
way. Upon pressing the GENERATOR push button 2PB, contactor 1C 
is closed. This starts generator drive motor Mi, rotary amplifier motor 
M^ and coolant pump motor ilf 2 (if plug IP is inserted). 

Spindle drive. The electric circuit is designed for switching on spindle 
rotation, switching it off with or without braking, stepless variation 
of spindle speeds, and slow rotation at the “creeping” speed. 

First stage in starting the spindle. ^Mien the SPINDLE START push 
button 4PB is pressed, contactor 3C connects spindle drive motor M to the 
generator through braking and starting resistor IRB. 
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Second stage in starling the spindle. Time-drlay relay ITDlt h oonmed 

ft fol"Zr.\T, f'-f »H« 0 ■lormiLTc, torol, 

re-^islo^ Ifli ' •'■'"'■‘''"“i' roles- end rliunta oscr 

Slow spindle roteKen Pressing the SPINDLE SLOW pus), hotlon SPS 
siarls slow rotaUon oi the motor (40 to 60 rpra) to obtain the ‘'ereoping- 
spindle speed vised la aligning tbo work bj' means of a centre locator. In tins 
case, relay 4AR is closed so tbal the lull voltage js applied over field wind- 
ing^ r ltd/ while field winding FWG of tlie generator is connoclcil lliroijgh 
series resistor IRS. The series winding tJtt'G of the generator is slnintcd 
to eliminate variation in speed. 

Changins the spindle speed. The motor speed U changed in tin* range Uuin 
Ihe nominal to maximum values (700 lo 2,800 rpm) with Uw aid td a sliunt 
Tegulator. When either the FASTER oPIi or SLOWER 6RB ptL«li huttoii 
IS pressed, a-c commutator motor .I /3 is switched on in either one or the 
other direction. This motor moves the slide of shunt regulator SUB nddiog 
or removing resistance in tlie circuit of the field « incling EUMf of the spindle 
drive motor. 

Limit switches LSf, and LS^ restrict the angle of rotation of tlie regulator 
in the extreme positions by switching ofi molot Mj. 

Spxndle hrokinf. .\totor M can be slopped with or without hrahing by pre-«- 
ang push button 3PB. it this fmiton is pressed down as far a*! it goes, cuii- 
laclor 5C is closed and contactors 3C and 4C arc opened slmuUnncon-.ly. 

The contacts of 3C disconnect llio armature of motor .V from the power 
supply W'hile that of contactor 5C connects tlie armature to resistor UlU 
^operating as a braking resistor in this case). The full voltage i« applied 
I 0 the field winding FiV.t/. Intensive dynamic braking occurs, which con- 
tinues as long as push button 3PB in held down or until the armature •'lops 
Tunning. Motor Af va stopped wuhoni braking by pressing push bvitton 3PB 
part way down. In this case, contactors 3C and JC aro opened, hut coulaclur 
•5C is not. 


Electric Orlvet of the Teble and Saddle 

The electric circuit of the jig grinder provides for positioning travei^o 
I 0 set the co-ordinate dimensjon-. working feed of the table and -aduio 
for milling operations, and their rapid tra%er-e motion-. Hir lahl** ami 
5=addle can only be traversed separately. 

Sloir {■^creepins") traverse of the table and saddle The table -.r -miuN ) i 
■motor {TM or SAf) is started by turning the corre-pomiiog r' - 

ilSPR or 2SPR) in one or the otber ditecWon ouien. h - ■ 

ers IMSF and JAfSR or 2MSF and 2'fSR The diffpreioe 




Fi|jr- Kloiiienlary dingrnm of llio olociric 

r’loRtrIc motors: splntllc drive; Sitl— saddle drive; 3’ilt— table drive; itf,— (renerntor drive; 

r;— cenerator. Contactors; JC— tor motors itf,. jtf. and ill,; sC and 4C— for stnrtlnrr motor jtf 
tilfSif— control of motor 7’J\f for travel to LKKT; i’JtfS/'— control of motor SM for travel AWAY: 
for motor Till; I'AH — tor motor SM; sAU — auxlUnry rel.ay tor swltclilntr on optical system Illumination; 
f'i'JMf— tor optleal system Illumination; JTff and i’37{~tliermal relnvs protecting motors. Push but 
braUlu)!, startlmr, aeceleratliift and deeeleratlnc motor M; ri’Jl— lllum’lnatlmr optical svstein and set 
siilnille tr.'ivel; I.S, and /.S,— table travel to rittlit and left; /.S, and r.Sr— saddle travel away and to 
of table and saddle; otlier swltcbes: Mf.S— main line switch; local llchtlnR switch. IF, f/’, SF 

of motor M; FWa, I’U'Af. F'\VT^^ and PlVSiAf — held wlndluRS of the nenerator and motors itf, Tilf 
rei:;ilator of motor M; CP— stnblllr.lmT capacitor; IFDT and t’SO 3’— step-down transformers; iSPIt 
saddle siieeds); C\V-J and Cll'-J7— eontrol wlndlncs of rotary ampllher liA', Sit — selenium rectlhor: 
IIA\ .s'ClV- -shunt of the eompens.'itlne wlndlnc of UA. Lamps: tSLand t’SL — slfmal lamps; jtt, and 

21{S, 3ns and 





circuit used in the model 2B440 jiff borer: 

ss-”sk; M:“5??s:2S.ss'“.y'„‘r ryr,r?.4r«.fST': 

'" ' •■ •• ■■ ■ , ind 
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referencG voltage supplied by the speed regulator ISPR or 2SPR and the* 
voltage of rotary amplifier RA is applied to the control winding CW~II 
of the rotary amplifier (negative voltage feedback). 

Negative voltage feedback serves to reduce the inertia in the rotary ampli- 
fier and to flatten the characteristic curve of the motor. The flat characteristic 
required to provide the given range of speeds is obtained by selecting the 
necessary degree of overcompensation of the rotary amplifier using the cali- 
brating resistance SRC which is connected in series with the shunt NCTF 
of the compensating winding. 

As the speed regulators ISPR and 2SPR are turned, more or less voltage 
is applied to the control winding CW-II of the rotary amplifier. This varies 
the motor speed in a stepless range from 90 to 1,800 rpm and thus the required 
milling feeds and positioning traverse of the table or saddle are obtained. 
The motor speeds can be varied in a range of 1 ; 40 below and 1 ; 1.25 above 
the nominal speed. 

The polarity of the voltage applied to regulators ISPR and 2SPR is 
changed and the drive motors are reversed by the magnetic starters IMSF 
and 2MSF or IMSR and 2MSR. 

Rapid table and saddle traverse (800 mm per min). This motion is accom- 
plished at the maximum speed of motors TM and SM (4,500 rpm) and 
corresponds to the extreme positions of regulators ISPR and 2SPR in which 
relays lAR and 2AR are closed, shunting over resistor 5RS in the circuit 
of the reference signal. The voltage of rotary amplifier RA is applied over 
its control winding CW-I in series with capacitor CP which serves to elim- 
inate fluctuations and to smooth out transients. 

When the voltage drops, winding CW-I magnetizes the rotary amplifier 
and demagnetizes it when the voltage increases. 

Table and saddle speeds are indicated by voltmeters IV and 2V having 
scales graduated directly in mm per min. The voltmeters are switched in 
by push button 7PB. Clamping of the table and saddle is controlled by 
limit switches LS 2 and LS 5 , and signal lamps ISL and 2SL. The table or 
saddle can be traversed only after it is released. The table or saddle is restric- 
ted in its extreme positions by limit switches LS 3 and LN 4 or LS^ and LS^ 

Illumination of the optical system. The SCALE LIGHT push button 7PR 
also illuminates the optical system. When the button is pressed, the coil 
of time-delay relay 2TDR is energized and it closes relay 3AR. The latter 
switches on the lamps IL, 2L and ScL for illuminating the optical system 
and scales. The lamps remain on as long as the push button is held down, 
plus the time the relaj^ is set for. 

All the motors are stopped if push button IPB is pressed; it de-energizes 
the whole control circuit. 

Recently, the generator-motor system in the design of the main drive 
was replaced by a magnetic amplifier. This substitution led to a reduction 


K-s. jia-Bonixo MAcm.vi;. sionrx 5 ,•^ 

rlrflTr’ maintenance!, a saving of poncr and ollirr adv,inlagi.x 

taprovnt'optZn.''“° 


i2-3. Jlp-BorinB Hachins, MolicI 2/1450 
Tho principal dislinguisliing feature of the model 2A450 jig borer i= that 
the co-ordinato soilings for the next linlo can he mado ivhilo a hole is heiiig 
machined. When the hole is finished a push hiillon is deprc'sed tn auin- 
matically position the table and saddle to the new co-firdinatc settcuc:. 
This is known as auto-posilioning, or co-ordinate presclerlion, and it siil>- 
stanlially reduces the nonproductive handling lime. 

The jig borer has an optical co-ordinate reading and nicaetiring system; 
the numbered graduations of precisoglass scales are projected onto a .'talion- 
ary reticle by the aid of whicli the complete decimal part of the co-ordinato 
setting can be read off directly from a single place. 

Holes up to 40 mm in diameter can ho drilled, precise templates can bo 
layed out, and linear and botneen-cenlrcs distances can bo measured. The 
jig borer can also ho used for Hght-duly milling operations. 

The machitio can bo officient/y employed in tool rooDi«, and rn.icblno and 
instrument shops, botli for piece and lot production rim.«. 


Star Train! (Fig. 3S0) 

For location in a rcctangufar co-ordinate system the wurk is traversed in 
the following way; the work is clamped on the table (see Fig. 319) and ir.u- 
els with it in the longitmiinal direction along the saddle ways. The s.add!i' 
together with the luhle and workpiece travel? m ibo Iraiisiero direction 
on the base ways. ^ 

Table traverse is powered hy variable-speed d-c elecinc motor /: 
(0.245 kW, 3, GOO rpm) through double worm gearing 5, D. // and J3. rack 
pinion 10 and rack 11 secured on the table. ^ . , 

The saddle drive, through menihcrs h. /5, 16. It , 18, 10 and -0, i*: similar 
to the table drive o.xcept that the reducing gear of the former is rnouimHt uii 
the saddle and travels with it in reference to rack 20 fastened to the b.iM- 
Handwheels 2, brought mil on the front vvall of the control dc«K. are ii-cd 
for fine manual settings of the co-ordinate dimensions. 

Tho speud of oacl. motor IS cun bo rogulatod ... u ...do rengo onaM.ug 
the taWo (and saddle) to ho rapidly Ira.jreod at a spooj 1,.00 mu. ^ 
min, surfaces to be m.lled at feeds from 30 o 200 mm per ..uu, »"d 
positioning to tho preselected co-ordinalo5 to ho carried out at a , /o» i creep 
ing") speed. 



m 



I'ig. 349. Jig-horing maclunc, inodol 2A450: 

ijiiinnifyinf' Rlnss of cross travel scale; 2 — projector of cross travel scale; .7— cross travel scale; 4 — 
saddle traverse drive (c, .7 and 4 not shown la the ficnre); 5— hand traverse of saddle; c~hand traverse 
of lahle; 7 — table speed reRolalor; A' — coolant system (not showi); '.) — setlinK dials of co-ordinate pre- 
selection mechanism to zero on scale; jo — control desk of coordinate preselection mechanism (not 
showtiV, Jl -co-ordinate iiresideciion meclianism; 12 — reading screen for longitudinal table travel; 
J. 7 — control desk; J 4 — spindle; 7 . 4 — handwheel for vortical adjustment. of the spindle head; JO — spindle 
speed raoRc indicator: 7 7 — ammeter; IS — .si»eed f'carbox; 7» — spindle speed tachometer; SO — spindle 
feed indicator; 27 — spindle head; 22 — hand wheel for chamririfr spindle feeds; S3 — lever for discnsaRlnR 
and reverslntr spindle feed; 24 — lever for clampinK the .spindle head; 2.5— lever of mechanism for dis- 
cncaRinR quill feed at preset depth; 20 — readinir screen for cross saddle travel; 27 — mechanical system 
of servomechanism nn<t; ss — cfilumu; 20 — handwheel for chanRlnR si)indle sjieed ranpes; 30 — double 
handle for raidd traverse of spindle (pilll; . 17 — handwheel for micron head feed of the .spindle; 32 — device 
for selling to specified depth (not shown j; 33 — table and saddle; 34 — base 
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Kig 350. Gearing diagram of the table and saddle of tbe mode] 2A450 jig borer 


Racks 9 (Fig. 358) of the servomechaDism system in the co-ordinate pre- 
selection unit are mounted on the table and saddle. 

The table is locked by a drive consislingof worm gearing / and 5 (Fig. 350), 
a ne.xiblo clutch and electric motor / (0 05 kW. 1,390 rpm) 

During the speed-up of this motor, worm wlieol 5 rotates treely on nut 
G until the driving lugs engage Nut 6 lias riglit-liand thread at «.ne end and 
left-hand thread at the other. Upon rotation of this nut pushers 7 and 3, 
acting through a lever system and brake bands, clamp the ijhle at tbo re- 
quired co-ordinate setting with equal force at both sides. The saildlo is locked 
by o.xactly the same kind of worm reducing gear mounted on ilie base. The 
clamping mechanisms are controlled manuallj from pu>li-biitlon stations. 

The construction of the upper part of the jig borer-tb.- -lumile bead and 
speed gearbox— is similar to tbat employed in the im.ih-I and described 

in Sec. 22-2. The spindle is driven l>> a d-c oleitru -Mipplied from 

a magnetic amplifier. 

35-0049 
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Optical System 

Table travel is measured in making co-ordinate settings by means of pre- 
cise glass scales and an optical system enabling greatly magnified images of 
the scale graduations and figures, as well as tbe grating pattern on tbe reticle 
(Fig. 351 &), to be projected onto a screen. 

The jig borer has two such optical systems: one for reading the amount 
of longitudinal travel to position the table and the other for cross travel 
to position the saddle. Since the two systems are identical, only the table 
system (Fig. 351fl) will be considered here. 

The light beam passes from the lamp of illuminator 1 tlirough collecting 
lens 2 which forms an image of the lamp filament on the front focal plane 
of illuminating lens 3 , thereby illuminating the plane of the graduations 
of glass scale 5 . Glass strip 4 has no graduations; its purpose is to protect 
the graduations and figures of scale 5 against dust. The light beam passes 
through scale 5, objective d, prism 7 , a pair of achromatic wedges S, prism 
9 , lens 10 , optical flat 11 , and lens 12 , projecting a fivefold magnified image 
of the scale graduations and figures onto the plane of the grating pattern on 
reticle 13 . 

After passing further through projection eyepiece 14 and cover glass 15 , 
and being reflected from flat mirror 16 , the grating pattern and the scale 
image are finally projected on screen 17 with a magnification of 125 X. Opti- 
cal flat 11 can be tilted about a horizontal axis to shift the scale image in the 
plane of the reticle by 0.02 mm. 

The optical flat, mounted in the path of the light beam, is tilted by a lever 
system actuated by a correction bar mounted on the table (or base). 

The correction bar compensates for both accumulated and local errors 
in the graduations of the glass scale. The bar is swivelled to the required 
angle to correct accumulated errors; the active surface of the bar is made 
with an appropriately curved surface to correct local errors. 

Achromatic wedges 8 can be turned in different directions in respect to 
each other. This shifts the image of the scale graduations by an. amount of 
up to ±0.5 mm on the screen, in reference to tbe reticle grating pattern. 
This enables the visible scale graduation to be set to a whole number in 
making the initial reading so that the calculation of subsequent co-ordinate 
settings will be made easier. 

The grating pattern of the reticle (Fig. 3515) is a transverse scale in which 
the distance between the two extreme miniature circles (or squares) is 
equal to 5 mm and corresponds to 1 mm on the glass scale which is projected 
onto the plane of reticle with a fivefold magnification. The millimetre is 
divided by the inclined rows into tenths. These tenths are further divided 
by consecutive uniform displacement of the centres of the 50 circles in each 
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Fjg. 351. Optical system of Ibe csodel 2.\<50 borer: 
(a) llfbt path diisTlQ. (i) reticle crati=7 pattern 
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inclined row of tho grating pattern. Thus, the displacernent of one circle 
from the no.Kt nearest one, located in the adjacent horizontal line,^ will be 
0,1 : 50 — 0.002 inm. ' - 

Tiie inclined rows and horizontal lines of the grating pattern are figured. 
The full dimension is read as follows: tho figure indicating the number of 
wliole millimetres is projected together with tho scale graduation, the number 
of tenths is equal to the figure at the top of the inclined row intersected by the 
scale graduation, while the number of hundredths and thousandths is indica- 
ted at tho end of the horizontal line in which the miniature circle, intersected 
by the graduation, is located. , 

In tho example illustrated in Fig. 3515, the number of whole millimetres, 
indicated on tho scale and projected together with the graduation, is 245, 
while tho reading on the grating pattern is 0.508 mm. Thus, the co-ordinate 
setting in the given case is 245,508 mm. Tho grating pattern enables readings 
of 0,001 mm to be made as well. In this case, tho imago of tho graduation 
lies on two adjacent circles, covering one half of each one. 

During rapid traverse motions of the table or saddle it is necessary to use 
tho steel rules mounted on the machine for making rough readings, since 
tho image of tho scale on tho screen will be blurred in this case. 

Tho use of an optical measuring system with a grating pattern on the screen 
requires a largo magnification, not less than 100 x . This does not allow 
a sufficiently clear-cut imago of tho scale graduations to be obtained^on the 
ground glass screen. 


Electric Circuit and Co-Ordinate Preselection Systems 

Tho electric circuit of tho jig borer (Figs. 352, 353, 354 and 355) includes 
the electric drives of the spindle, table and saddle, clamping mechanisms, 
and coolant system. It also illuminates tho optical system and provides inter- 
locking and protection of certain units under various operating conditions. 

Boring spindle rotation, and traverse of tho table and saddle are powered 
by d-c electric motors; induction motors are used to power tho table and 
saddle clamping devices, and tho coolant pump. Magnetic and rotary ampli- 
fiers are provided to supply the d-c motors. 

The electric circuit provides for switching on spindle rotation (Fig. 352), 
switching it off with braking, stoploss variation of spindle speeds, and slow 
rotation at the “creeping” speed. 

Tho spindle is started in two stages with the aid of magnetic starters, the 
procedure being controlled by a time-delay relay. 

Slow rotation of tho spindle can bo switched on only after it is stopped. 
The lo;id on the spindle is checked with an ammeter. Spindle quill travel 
is restricted by a limit switch. 



::-3. JTQ-Boniso machine, model zMio 

Elrelric drives of the table and saddle. Tlio follorvinc m„d« ol oncralioo 
are incorporated in the desifjn of the electric circuit: prcrelection of the co- 
oriiinate settings from a permanent locating datum; cMirdinalo scttincs 
made by the operator (without preselection), working feed of tho saddle 
and table for milling operations, and their rapid traverse molioa*. 

The table and saddle can bo traversed siinuJlaneou.*lj' doe to ’the prow'*iofi 
of two absolutely identical circuits in which all the electric equipment is 
duplicated.* 

The desired mode of operation is set up by a selector snitch on tho control 
desk. The auto-positioning sj*stem provides for table and saddle travel by 
amounts set up on the dials of the co-ordinate preselection mechanism («oe 
Figs. 356 and 357). Depending upon the direction of the co-ordinate sett ings— 
R1 GHT or LEFT, AWAY or TOWARD — the corresponding relays are closed 
and signal lamps are lit. 

Tho sykem for reading tho co-ordinalo dimensions in tho given model 
is based on a servomechanism in which magslips, operating as selsyn trans- 
formers, are cmploj'cd as measurers of mismatch between the anguJar posi- 
tions of tho initial (reference) and terminal units. 

The servomechanism in the given model is of Iho two-channel design, 
i.e., it has two siTichrotransmitlers and two synchro-receivers for selling 
up each of the co-ordinate dimensions (Figs. 357 and 35S). One pair of seLyrs 
(transmitter and receiver) is connected into the system with a gearing ratio 
of 1 : 1 and constitutes the fine reading (f/?) unit which serves for coincidence 
at small angles of mismatch. The other pair of selsyn* is connected through 
reducing gears and constitutes the coarse reading iC/t) unit ubich provides 
for coincidence at largo angles of mismatch The C/t selsyns have only one 
stable coinciding position at angles of mismatch up to ISO’*. 

The fR and CR errors cannot be «imul(aneoti.''ly applied to the inpiiJ <ff 
the voltage amplifier since they would distort each other and, at certain 
values, would bo in opposition This posstbihty i- eicluded by the prousicn 
in the circuit of a relay selector for coarse and tme re.idin^. consisting of 
a rectifier GR71 (Fig. 354). polarized relay PR and relay ^ ^ 

At largo angles of mismatch, control 

coarec-reading synchro-receiver S/?C (F • ^ ^ 

ft/ncthn of the fine-reading syncbroiransoimcr otir iue ^ 

coarce-readinir'elsyn«. regulated by resistor fi2, (Fig 3o-t) applied i.. fho 
input of the selector. -As this voltage drops, relay PR “P;;”' 
out rplav API The contacts of A i?/ »n turn, ^wHch ofl the rapid r* 

sTgnaT au'tl s"ch in fhe fine-read.ng .elsyn.. Then the w.l.ace .he t.ee- 

•1„ the d, .grams, T'ceeteg .1. onW ^ tlu 




I 


Coolant 

pump 

motor 

0.125kW 

2S0Qrpm 


Table 

clamping 

motor 

aOSkh' 

1390rpm 




^Vdc (see Fig.SSS) 


Saddle 

O-OSkld 

1390rpm 


M Spindle 

r driim 

rrp motor 
2 kid 

'If lOOrpm 

-J 700 th 2800 rpm 



Table to 
RIGHT 


Table to 
LEFT 

Rapid table 
traverse 


Saddle Amy 


Saddle TOldARB 

Rapid saddle 
traverse 


Co-ordinate 
positioning 
in preselection 


Fig. 352. Elementary diagram of the electric circuit (without the 
A — aniinctor; MLS — main lino switch. Travel-restrictin': limit switches: ILS — spindle quill travel; 
for startinq rotary amplifier BA: 7C— no-voltaire protection; JCB— for brakimr; CS7— 1st staqe in star 
for clampin': table .and saddle; ICU and f?CC7— for unclampins: table and saddle. Push buttons: IPB— 
spindle; 5Pi3 — starting spindle; CPB — slow rotation; 7PB and 5PB— clampincr and vmclampin’^ the 
II Inmmatinc: lamps: JL\ and rLi-~optical system; JI »4 and ^L 4 — dials for coordinate preselection; 
and unclampinf:; oL — power supply OX; JL,, JL«, 2Li and 2Lt — direction of travel; gL — lamp of cen 
windin': of motor SPM. Relays: TR— thermal relay; OR— rclav for optic.il svstem illumination; S5fi— 
7RL and SRL— saddle traverse TOWARD, table ir.iverso to LEFT; 7RRr'and ^RRT— rapid tr.ivfr'C 
co-ordinate positionin': rel.iys. Time-del.iy rel.iys: TRO— for optic.il svstem illumination; TBS— 
JBST and rRSr— t.ible .ind saddle traverse speed reijulators; FR.lf— field repil.itor of motor SPM. 

amplifier; rS — 
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reading selsyn is feci into Ibo input of tlie pfia5e-5pn«itivo cJpvicp mplaco 
of the coarse-reading selsyn voltage. 

To amplify the tracing error signal, as ttcli as the signal from the stilnlir- 
ing devices, both in voltage and power, to values of sufficient niagmlude 
to operate the actuating motor, an electronic oinplifier JEA (Pigo. .'r>.T and 
355) is used in conjunction with rotary amplifier IHA (Fig 3.V1). 

Connected to the electronic amplifier output are control windings ICW I 
and ICWn of rotary amplifier IJiA %%liich supplies the armature winding 
of motor Mi for powering (aMe trai'crso. 

When there are mismatch angles, the difference between the vollagi* .if the 
reference signal, taken from the winding of the «ynchrolran*miiter ISTF 
or transformer ITh and of taeliogenerator ITG i-: applied to the input .,f 
electronic amplifier JEA. 
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Upon an increase in voltage of the reference signal, the voltage at the input 
of electronic amplifier lEA likewise increases. This increases the excitation 
and voltage of rotary amplifier IRA and, as a result, the speed of motor Mi 
is raised. 

In a similar way, a drop in voltage of the reference signal reduces the speed 
of motor Ml correspondingly. 

If the reference signal has a constant value, the speed of the electric motor 
may be reduced as a result of increased load, etc. This will reduce the voltage 
of the tachogenerator and increase that applied to the input of electronic 
amplifier IE A, and lead to an increase in the excitation and voltage of rotary 
amplifier IRA, thereby restoring the speed of the electric motor. 

Thus a constant speed of table traverse is maintained. 

The field windings FWIM and FWIT of motor IM and the tachogenerator, 
respectively, are supplied by the application of the voltage of selenium recti- 
iier SRV to them. 

Resistor REF is connected in series with the field windings of the motors 
to reduce their heating as they are switched ofi. The electronic amplifiers 
arc supplied by a stabilized voltage. 
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froTdSf (‘"lion, on II, o con- 

Using the preseloction device, readings Can be made in selling lo cMrdi- 
nato dimensions wub an accuracy vrilliin 0.1 mm. Tim unils are posiliSned 
automalicaHy TVJth 2 n 0.5 inm of ihe specified co-ordiGafo .eeMin/js. Fine 
seUings require band traverse, cbockiiiff the position on tho .«prpon« 

, i. mvT — A oner/ps^ rr,n. 


lachogenerator, thereby increasing the speed ot motor A/,, lauio travel 
IS restricted in the c.^treme position^ by limit switches. 


Ce.Ofdifiate Pfffttcciiefl Mtchmiim 
This mcchanifm (Fig. 3o6) is a two-stago reiiucing gear with spur gearing 
JSt J2, 13 and 31, tho total ratio being The co-ordinate dimensions foe 
tho setting are set up on tho control desk of the auto-po«iilonlng unit with 
comparatively low accuracy before tho positioning motions take place. ThN 
may be done during tho time the present bole h being maebined. 

A command is carried out after a push button is pressed on tho control 
desk. The given dimenfioti and tho performance accuracy ensure fravor«e 
of the table and saddle to a point close to their final po«i lions, ruriber posi- 
tioning is done by hand, chocking against the readings on the viewing screens 
of the optical aysfem (see F;g. 35lo). Thoco-ordinato pro*plectlon mechanism 
(Fig, 356 ) consists of two independent sectnms. idDiilical in construction. 
One controls table traverse and tho other, saddle traverse. 

Dimension-setting shaft I is linked by coupling J4 to fine-reading schyn 
SF’, shaft 4 is linked to coarse-readingscHyn SC- .Mounted freely on shaft 4 
is dial C for reading ofl tenllis of a miUimelre Di.il 3 for re.iding ofl tens 
of millimetres is secured to llu-s shaft. Dial C i** Ji/iketl to dial 3 through giMr' 
3 and 2, 2 and* IG. 15 and 12. 13 ami II. Ihe ratio being 
Jifi 

' “ 77 Ml W. o 


One revolution of fine-reading dial d corresponds to a travel of lO mm while 
hajf a revolution of co 3 rse-re.itl»»B dval 3 corresponds to 1 \m mm 

The gearing of the mechanism is designed so lh.it in oacli pair of gc.irs. 
the larger gear comprises two part* between which n sp,raJ spring lO is ar- 
ranged. Tho spring lend" lo rolalr Ihe lv.o pari, .n oppw„le d.rrcl.nn,. ll.ftv- 
bv taking up all the tackla.Ii in Ihe raaling gear- 
' Discrcp.lndes belivoen llic reail.ng, on the dial' and nii Ihe preri-e gla'* 
scales (see Fig. 351) are eliminated as tonn»>- Mur 'lufting ll,e iniagi the 
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Resistor 7^5 is cut in in series uilli tlio fieW winiiinjj of the tjclioccncr.»lor 
to obtain a substantial increase in the speed of motor J.M, wbllo re'*i''tnr lllO 
is cut in for a slight speed increase when operating from tlio fine-reading 
selsyn. 

In operation with preselection of the co-onlinato sotting', iJie direction 
of table or saddle travel is determined by the sign nf the mismatch angle, 
i.e., the direction of rotation of the rolon> in the synchrolran'‘miltor3 ISTF 
anAlSTC. When the operator turns Ihesoseisjiis. the mismatch voltagois«et 
up over their windings. This \ollage is applied to the input of the ph.ise- 
sensitive unit (Fig- 3o'i)- . „ , . 

Depending upon the condition of relays Pit and Mtl. various voUagre 
are applied to the grid of the type 15/1211 tube The anode circuit of this tube 
is supplied with stabilized a-c current. A' sarious mi'nintch \oIt.igcs (in 
phase with the anode circuit voltage or shifted hy 180 ) are applied to the lube 
grid, either of the contacts of phasc^ens, live relay HIFS JFigs 3-^.3 and o^i) 
is closed. The rclav IIIFS prepares the coil circuit of rela> 3.»3) 

for accomplishing table traverse to the right, and that of relay ini for tra>- 

erso to the loft. . . ^ , , , -n i . 

The direction of traverse i' indicated hj the signal lamps The clrctnc 
circuit incorporates an interhKking feature pn-ieniiog the drive motor' of 
the table and saddle from beings 


nilched on iiiilil the unit* are undamped 
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HCtilo f'ni<luaUoii l)y inoaiiH of opi.ical wadga 8, it i.s noco.s.sary to .sliift tlio 
jjidox lino on indicatinj^ platf! 0 (l'’it[. '150) by tlio narno amount. Diia \h dono 
by rotating boad 7 wliicb .sbiftn alido block 8, by moans of bovol] ^mars and 
a nul, and scfvnv, to wiunh plato .0 ifi Honurod, 

Mechanical Syotom of the ScrvomochanUm Arranfloment 

^rins unit sbown in !'’it(. 558 is a two-,sta(,m rod iici nj^ gear with tbo spur gears 

7 and 4, 8 and 2, and having a total ratio of 1 : 50. On ono and dnvJiifr .shaft 

8 is linked to rack U of tlie table or .saddle tbrongb rack pinion (L On its other 
end, it is linked tbrongb coupling 8 to line-reading solsyn SF. 

f)ut])ut shaft ,/ is linked to coar.so-reading solsyn 8C. An electrical linkage 
e.xists between the co-ordinate preselection mecltanism a/id tbo servomoeba- 
jiism arrangorrnmt. 'J’lie vaduc/tnf' gear of the servomecliajii.srn is secured to the 
saddle (or base, as the (uiso may be) tbrongb i)ivot pin .70, while spring JJ 
bolds tin) rack pi?iion against (be rack, tberoi)y olijninating backlash. 

Tahlo and Saddio 

'I'lio tabbi and sa<ldlo each has ono flat way and one V-way of tbo antifric- 
tion I'ollor typo. The coarse-read Ing stool rule, clamping band, oj)tical glass 
scale, corrocOon bar, tbo raclc for table traverse and rack of tlnj servornoclia- 
nisni are mounted on I, be bottotn and side surfaces of the table. 

Tbo screens for bmgitudinal and cross trav(d, co-ordij)ate preselection meeb- 
anis/n and iJie control desk of l.bo jig borer are arranged on tbo front wall 
of tbo saddle. 

Inside the saddle are mounted tbo f>pl,ical proj(!Cting system, table and 
s/iddle reducing gears and the table clamping reducing gear. 5’bo electric mo- 
tors of tbo table and sa<ldlo traver.se drives, and the, mechanism of tbo (.able 
sorvomocbanisni arrangement are mounted at the rear part of l-be saddle, 

'Dm traverse drive motors are automatically switched off at the o.vtreme 
])osil,ions of the table and saddbi. 

'Die described construction is an improvement over the previously manii- 
factnntd model 2Ad50, 'Die ebsctric circuit has been cofupletely changed to 
permii, tbo table and sad<llo l,o bo traversed simultaneously; tbo method of 
<d)laining tbo linal setting to the specilied co-ordinate dimensions has been 
Hivised; the optical system has been improved; tbo spindle drive has lasen 
rodnsif'iKul; n different ninllind <if effecting stojdoss speed variation has Ixsen 
omj)loy(!d; elc. 




CHAPTER 23 

TOOL AND CUTTER GRINDERS 



23-1. Types 

Tool and cutter grinders are intended for sharpening both new andjdulled 
cutting tools. They find application in the mass production of tools in spe- 
cial tool plants, as well as in the tool rooms of all engineering plants, while 
some types of tool grinders are also used in the machine shop. 

Strictly speaking, machines for sharpening tools can be classified into two 
general groups: (1) tool grinders for sharpening and lapping cutting tools 
made of high-speed steels, or tipped with cemented carbides, and (2) ma- 
chines for the nonabrasive sharpening and lapping of cutting tools. 

The second group covers machines for electrolytically assisted grinding, 
and for the electrical-discharge sharpening and lapping of cutting tools. 

The great majority of tool sharpening machines operate Avith some type 
of abrasive tool. The use of diamond wheels for sharpening and lapping car- 
bide-tipped tools is becoming more and more widespread practice in recent 
years. 

The application of diamond wheels in place of ordinary abrasive ones leads 
to a substantial increase in productivity. In many cases, tools sharpened 
with metal-bonded diamond wheels require no subsequent lapping. 

Tool and cutter grinders can be classified as universal and single-purpose 
models. 

Various kinds of cutting tools, such as single-point tools, reamers, core 
drills, milling cutters, gear-cutting tools, etc., can be sharpened in a univer- 
sal tool and cutter grinder. Single-purpose tool grinders are designed for 
sharpening only one definite type of cutting tool, such as twist drills, 
single-point tools, hobs, broaches, etc. 

Special machines are employed to perform tool lapping operations. Car- 
bide-tipped tools can also be lapped in tool grinders designed for both shar- 
pening and lapping. 

Until comparatively recently, all tool sharpening and lapping were done by 
offhand methods. At the present time, some degree of automaticity has been 
introduced. Certain Soviet tool grinders, for example model B3-32 for tAvist 
drills and B3-49 for reamers, operate on automatic cycles. Hob grinder, 
model 3662, drill-point grinders, models 3659A and 3659M, and others 
operate on semiautomatic cycles. 


Z2-Z. vyiTZF.S.iZ. root JTO C I-TTSK ITOCEI. tlU 

A^ autoiiutic drili_5^.-peiiicg- i-acfeine. model Hll^L tas teendeTef- 
op€d xa Li^R. It 15 ba^ed oaa continaocs process that shorplr tccreases 
the production capacitr. ^ ' 

Tfe chapter 6eah vitionly three tool grMers: a attiVerjal tool aad cotter 
grinder, a semiautomatic drill-pofni ericdef. and a semiautomatic hoi) 
grinder. 

^ Universal tool and cutter grinders, models 3-\54 and 3A64.M. though eiten- 
sivelr employed in Soviet plants, do not meet ail the requirements made to 
np-to-date machines for the diacocd-xfceel sharpeniccr of tools. 

The need of grinders capable of ensuriEc eScient performance in diamond- 
wheel tool sharpening has led to the mcdenuration of these widespread mcd- 
els. .A description of the necessary alterations is treated in the following 
section. 


23-2. OalffiKsJ Taul and Caffar Erfader, 
WaisI 34S4, and Ita Madgrafzaflaa 

This grinder (Fig. 3o5) consists of the following principal cnita: base A 
table unit 2 and wheelhead S~ 

Base 7 is a box'shaped grey iron casting on top c! which ways are provided 
for travel of the saddle. 

The table unit (Fig. 2d0> consists of saddle It" loz^Iizdlml table IS ic.d 
swivel table IS. Saddle 17 is traversed along the base ways in the crosswise 
direction bv means of screw // and cut 13. when one of the handwheels 10 
is rotated/ Tl^ handwheel is duplicated for convenience in handling 
the grinder. Longitadlnal table lo travels along roller ways 12 of the 
saddle. 

Rapid hand traverse is accomplished by turning handwheel lo which drives 
the table through pinion 24 and rack 2J Slow table traverse is cbtained by 
turnin'^ handwheel 10 which is fastened to the housing cf a planetary reducing 
gear having a ratio cf I : iO- Side play of the locmtucinal table is eliminat^ 
bv the provision of baU tearinns 32 scdJS. two each. mccnSed 0 = pxns at the 
ends 0 ! the saddle. These bearings are arranged on the tvro Sides of and gm^e 
longitudinal ridge 2S underneath the longitudinal table- The pins of fc^a-irm 
3Jare secured in roc^cg levers J4 and are forced byspnngs a-j against tfcesn-e 
of ridge 2S to take up the clearance in the system. 

Adi^itable d 0 C 5 CO. held m a T-lot in the wU f the ta.Ie. 
lonritadinel table tratel mth the aid ef stationatv s.op .V c-ici.e.- ea t_e 

““iiVel table JS h located by pivot tl on the loapitediaal table. The e^vel 

table set to the required angular Pf % rSL‘ed 

and nut 2S, secured to the locgitudinal table, and strip ,< a-d p- mxcm.eU 


3S-aii3 
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on the swivel table. The amount of swivel is read ofi on the scale of strip 27. 
Each division of this scale is equal to a taper of 0.01. An additional scale 
25, graduated in degrees, is fastened on longitudinal table 15. 

The swivel table is clamped in the required position by nut 21. 


25-2. UNIVERSAL TOOL AND 


COTTER GRINDER. MODEL 3A6< 
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cutter grinder, model 3A64 

^^^leelhead unit 3 (Fig. 359) consists of sleeve 5 and inner column 4 on 
TV'hose top surface the spindle bousing is secured. The machined pad on the 
top of the spindle housing is for mounting and clamping the centre-sotting 
attachment, internal grinding attachment, etc. The wheelhead unit is raised 

36* 
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'hroogb to™ geariag r. a rack pinion 
and rack 6, fastened to sleeve 5. To set the wheelhead to an angle, nut 9 is 
released column d ts snivelled in sleevo S iy handle J, and then nut 9 

sleere'd ensraved on 


The spindle is driven through a fiat hell by the O.dS-tW electric motor 
mounted on an angle bracket at the foiver end of sleeve S. The wheel snindle 
can run at either 3,730 or 5,600 rpro. 

The capacity of the tool grinder is e.tteoded by the various attachments 
that can be furnished. These include the cylindrical, internal and surface 
grinding attachments; attachments for sharpening form-relieved milling 
cutters, face milling cutters, hobs, blade-type die-head chaseis, taps, long 
reamers, twist drills, core drills and other tools; a universal head, right- and 
left-hand footstoclcs, driving dogs and centre-setting attachment. Attachments 
that are to be movnled on the upper ground surface of the swivel table are 
clamped by T-bolts. 


" the model 3A64 grinder 

• • ICC grinding In addition 

• ' ■ i, the universal tool and 

cutter grinder, model it-y* jfwv-j v. ....eai spindle rotation ob- 

tained By means of a two-speed electric motor and a two-stepV-belt drive. The 
rating of the dris*e motor has been increased to 0.75^1 hW at 1.420/2, 850 rpm. 
Tho corresponding wheel spindle speeds are 2.900 and 5,800 or 2,000 and 
4,020 rpm. The wheelhead can be raised or lowered from two operator’s 
positions by means of worm gearing and a rack-and-pinion. The amount of 
elevation has been increased in comparison with the earlier model. 

As mentioned above, these uniiersal tool and enUer grinders leijuvse cer- 
tain modifications before they can be efficiently used for diamond-wheel tool 
sharpening operations- In particular, coolant must be used in sharpening 
tools with mctal-honded diamond wheels- Sharpening can be performed dry 
with resinoid-bonded diamond wheels, but their wear will increase. 

In modernizing* these machines, facilities are provided for both wet and 
dry sharpening with abrasive and diamond uheels 
Tho modernization of these grinders consists of the following principal 
measures' (1) a fine cross feed roechaQ/sm. providinginfeeds of O.OO^O.Ol mm. 
is to be added, and l2) the rigidity of tho grinder is increased by the installa- 
tion of a new wheelhead (Fig- 2^^)- ,, , , , ■ i 

More rigiditv and higher accuracy of the wheel spindle have been achieved 
in the new construction of the wheelhead by increasing the diameter of the 


♦Siandard Project for the Modemitatlon of L’nj\wal Tool and Cutter Gnaders, 
Models 3A64 and‘^3Att4M, TSNIITMASH, Moscow, 19«3. 
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Fig. 361. Modernized wheelhead: 

I— housing; 2— sleeve; 2— wheel arhor; 4 and 5— nuts; 5— wheel spindle; c— single-row angular-con- 
tact ball bearing (class A); 7— spring; s— flange; j(?— endless flat belt of plastic 


spindle bearing journals and by using class A angular-contact ball bearings 
in this unit. The outer rings of the bearings in the left-hand support are spring- 
loaded to eliminate excess clearances and to retain the accuracy of rotation. 
A labyrinth packing of improved design has been used to seal the spindle 
bearings. The wheel arbors are seated in tapered holes in the spindle. This 
ensures more rigid clamping of the Avheels than when they are mounted on an 
external taper on the spindle nose. 

As a measure against vibration, it is advisable to drive the spindle with 
an endless flat belt instead of V-belts. A flat belt of plastic is preferable since 
its thickness is more uniform over its length and its flexibility and durability 
are much higher than those of a rubberized flat belt. 

Another measure that will efficiently combat vibration is to install a wheel 
drive motor that has been properly dynamically balanced. 

A coolant system is built into the grinder in the process of its moderniza- 
tion, and special guards servo as protection against splashing and to collect 
the used coolant which drains back to the tank. A special enclosed wheel 
guard servos the same purpose. 
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23-3. Seraiaulomatio Grinder, Model 3659A, 
for Sharpcninj Tarisf Drills and Care Brills 
Vie model 3659A's0miautomalic grinder (Fig. 362) is intended for eharp- 
enrng right-hand twist drills, and three- and four-flute core drills, from 10 to 
fro® 6° •“ 17° and point angles from 
to MO - Tools with double angle points can also be sharpened. 

The lip relief surfaces of drills are ground helically, in sharpening, by the 
tapered face of the wheel. 

The grinder has the following motions; 

(f) grinding wheel rotation; 

(2) rotation of the tool being sharpened which is held in a chuch; 

(3) reciprocation of the grinding wheel in a direction along the axis of the 
grinder spindle; 

(4) planetary motion of the wheel in a plane square to the axis of the 
grinder spindle; 

(5) power and hand infeed of the tool being sharpened to the wheel. 
The gearing diagram of the grinder is iJJustrated in Fig. 363. BotaUon 

is transmitted to the wheel spindle from an electric motor (2.8 h\V, 1,420 rpm) 

through a V-belt drive with idler pulley SO, From the same motor 

rotation is transmitted through a V-belt with pulleys » gears ^ (gear 
78T is freely mounted), clutch IS and gears || X ^ to quill T of the spindle. 


Asafety clutch, built into the 242-inai pulley, protects the mechanisms against 
overloads. Clutch IS is to engage or disengage chuck rotation with the clam- 
ped tool, as well as planetary rotation and axial reciprocation of the wheel 
spindle. The latter three motions are interlinked kinematically and servo 
to produce the helicoidal lip relief surface on the tool being sharpened. 

The planetary motion of spindle IS with the grinding wheel favours more 
uniform wheel wear. This motion is duo to tfao eccentric position of wheel 
spindle 16 in reference to the axis of quill 7. The latter runs in split tapered 
sleeve bearings. The wheel spindle is mounted in angalat-coatact ball bear- 
ings fitted in the eccentric bores oi the quiU. 

Cylindrical cam S, mounted on tbe quill, has three different rise curves 
arranged concentrically. The curve used in each particular case depends upon 
the diameter of the drill being sharpened and its Iip relief angle. Cylindrical 
cam S is held by two springs 6 against stop 9 which is secured to the wheelhead 

has thtee difleient lugs which are brought into engagement wUh the 
conespondisg curve ol the cam by shifting lem IS (Fig. 362). This changes 
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Fig. 3G2. Semiautomatic grinder, model 3659A, for sharpening twist drills and core drills; 
1 — base; 2 — lever for settinR the sliding key of the gearbox; a— carriage; 4— nut for clamping the swi- 
velling member of the carriage; 5— handle for swivelling the carriage member; C — lever for clamping 
the rear centre bracket; 7— lever for clamping the rear centre; S— chuck; 9— lever for operating the chuck 
jaws; JO— handle of the wheel dressing mechanism; JJ— swinging stop; J2— nut for adjusting the stop 
to the web thickness; J3— wheel spindle; J4— coolant cock handle; J5— lever for setting to the lip relief 
angle; jc— START push button; J7— STOP push button; J5— wheelhead; J 9 — handwheel for engaging 
the power infeed, chuck rotation and the planetary and axial motion of the wheel spindle; 20 — lever 
fOr setting the rate of Infeed; 2J— infeed mechanism; 22 — handwheel for carriage traverse; 23— screw 
for adjusting the spring of the idler pulley; 24— main line switch 
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Fig, 3G3. Gearing diagram of tbe semiautomatic grinder, model 3C59A 


the amount of axial travel of the spindle and, consequently, the lead of a 
helicoidal surface when one is ground. The possibility of varying the lead of 
the helicoidal surface is used to vary the lip relief angle of the tool being 
sharpened. 

In accordance with the size of (he drill being sharpened, cylindrical cams 
are used for small, medium and large diameters. Chuck 5 (Fig. 363) is driven 
from the gear train for rotation of quill 7. 

The gear train equation for the given case is 

. . . . 62 30 - 42 22 1 

1 revolution of the cam 

Thus 
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where corresponding gearbox ratio [K = §8’ ^ 42/ 

the tool being sharpened 

i=2 for drills, i = 3 or 4 for three- or four-flute core drills. 

In this way, the lower gears of the gear cones are engaged to sharpen drills, 
the middle gears to sharpen three-flute core drills and the upper gears to sharp- 
en four-flute core drills. 

Carriage 3 (Fig. 362), on which chuck 8 is mounted, travels along the ways 
of the base. The carriage can be traversed by hand, in which case rotation is 

30 

transmitted from handwheel 22 (Figs. 362 and 363) through bevel gears ^ 

to screw 4 (Fig. 363) mating with a nut fastened to the chuckholder carriage. 

Power infeed is also available. It is accomplished by the mechanism illus- 
trated in Fig. 364. A single handwheel 19 (Figs. 362 and 363) engages chuck 
rotation with the tool, as well as the reciprocating and planetary motions 
of the grinding wheel, sets up the required depth of the cut, and engages 
power infeed. When handwheel 19 is turned through an angle of about 40°, 
plate cam 3 (Figs. 363 and 364), acting through a lever and fork, engages 
jaw clutch 13 (Fig. 363), thereby starting chuck rotation, and planetary and 
reciprocating motions of the wheel spindle. Cam 3 is rigidly mounted on shaft 
1. Further rotation of handwheel 19 and, therefore, of cam 2 of the power 
infeed mechanism sets the required amount of stock to be ground off in sharp- 
ening on a dial. 

Next, handwheel 19 is pushed inward to engage fine-tooth clutch 4 (Fig. 364). 
Upon rotation of intermediate shaft 18 (Fig. 363), crank 15, mounted on the 
end of this shaft, transmits an oscillating motion, through connecting rod 14 
(Figs. 363 and 364) and lever 12, to pawl 11. The latter turns ratchet wheel 10 
and, with it, single-start worm 8 (Fig. 364) and worm wheel 5 (60T), thereby 
rotating cam 2 of the power infeed of the work carriage. 

The profile of cam 2 is designed so that the rate of infeed changes in the 
sharpening process. The rate of infeed is highest at the beginning of the cycle 
while rough grinding is taking place. Then the rate is reduced and ends with 
a number of “sparking out” passes (without infeed). Such a procedure raises 
the quality of the sharpened tools. The maximum infeed value can be varied 
in the range from 0.04 to 0.005 mm by means of shield 13 which closes a part 
of the teeth of ratchet wheel 10 (Figs. 363 and 364). The rate of infeed is 
changed by turning handle 9 (Fig. 364). The same handle is used to set shaft 1 
into the position at which the planetary motion of the wheel spindle and 
rotaU on of the chuck are engaged when handwheel 19 is turned 40° from its 
initial position. 

At the end of the cycle, power infeed is disengaged by stops 7, mounted on 
handwheel 19, which run up against dogs 16 and gradually disengage fine- 
tooth clutch 4. 
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After the power feed is disengaged, spiral torsion spring 6 turns shaft 1 with 
handwheel 19 and cam 2 hack to the initial position, while earn 3 disengages 
clutch 13 (Fig. 3G3), thereby disengaging chuck rotation and the a.xial and 
planetary motions of the wheel spindle. Thus, at the end of the sharpening' 
process all motions, except grinding wheel rotation, are automatically disen- 
gaged, and the tool being sharpened is withdrawn from the wheel. 

Carriage 3 (Fig. 362) consists of two components. The lower of these, the 
saddle, travels along the base ways parallel to the wheel spindle axis. The 
upper part, together with the work chuck, can he swivelled at an angle to the 
wheel spindle axis. The swivel angle is indicated on a scale. After making^ 
the angular setting the upper part of the carriage is clamped with a screw 
and nut 4. 

Before it is clamped, the tool to bo sharpened is set up in the chuck to a 
special swinging stop pivoted on the chuck face. An adjustable tooth on the 
housing of the stop can he set up to a special scale to the specified web thick- 
ness of the drills to he sharpened. This tooth is set to the zero position in 
sharpening core drills. 

An adjustable centre, mounted on a bar in hack of the chuck, can serve 
as an additional support for more reliably locating the tool. 

The mechanism for truing and dressing the wheel is mounted on the saddle. 
The wheel is dressed with a cemented-carhide roller or with a diamond tool. 

The base houses a coolant tank. The coolant is delivered by the electric 
coolant pump at a rate of 22 litres per min. 

The whoolhead and carriage mechanisms and the wheel spindle are lubri- 
cated by a plunger pump mounted on the roar cover of the wbeelhead. The 
reciprocating motion is imparted to the pump plunger by eccentric 17 
(Fig. 363). 

Various improvements were made in the construction of this grinder by way 
of modernization (the now model is designated 3659M); they enabled its 
production capacity to be increased. Thus, a rack-and-pinion mechanism for 
advancing the rear centre and a device for correcting the setting angle of the 
tool being sharpened were added, more accurate spindle hearings were em- 
ployed, etc. 


23-4. Semiautomatic Hob Sharpening Machine, 

Model 3862 

Purpose and gear trains. Tliis grinder (Fig. 365) is intended for grinding 
I lie tootli faces to sharpen hobs from 50 to 200 mm in diameter and from 20 
to 200 mm long. It has the following power and positioning motions: 

(1) reciprocation of the table; 
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(2) rotation of the indexing head spindle for indexing from flute to flute, 
for routing the hob in sharpening helical flute hobs, for infeed of the hob to 
the wheel after each full revolution {of the hob) and for setting up the posi- 
tion of the hob in reference to the grinding wheel; 

(3) rotation of the grinding wheel; 

(4) axial motion of the quill with the wheel spindle; 

(5) elevation and lowering of the column on which the wheelhead is mount- 
ed; 

(6) swivel of tlie column with the wheel drive motor about a vertical axis; 

(7) hand traverse of the table. 

The enumerated motions are accomplished in the following ways (Fig. 366): 

1. The table is reciprocated by the hydraulic drive; both speed (y = 2 to 
10 m per min) and length of stroke are variable. 

2. The indexing head spindle is turned to index the workpiece during the 
time the table is stationary, being in its extreme left-hand position, when 
the grinding wheel has passed completely out of the hob flute. 

By means of lover 7, sleeve 9 and lever 10, valve 15, which is actuated 
in the left-hand position of the table, raises slide block 11 thereby retracting 
locking member 13 from the slot of index plato 12. Next, the indc.ting head 
spindle is turned by combination piston-and-rack 17 through pinion 16, 
freely mounted on the spindle, pawl 20 and ratchet wheel 18. Locking member 
13 slides along the surface of index plate 12 until it drops into the next slot. 
Then, the piston of valve 15 and subsequently piston 22 return to their ini- 
tial position. At this point, a command is transmitted for table traverse 
to the right. .... 

As it returns to its initial position, paw' ‘ " 

ratchet wheel teeth, running onto shield 2/ ' _ 

during table reciprocation, as is required i • 
this case, spindle rotation is obtained as follon’s. 

Disk 11 is freely mounted on the indexing bead spindle. It is linked to slide 
block 0 through steel tapes 8. Mounted at the end of slide block 6 are two 
self-aligning ball bearings which enter a slot of bar 29. The latter can be 
set to the required angle, in reference to table travel, by means of wormg 
and worm Avheel segment 1, when handwheel 5 is turned. 

The basic displacements for setting up the bar are derived from the condi- 
tion that one revolution of the hob corresponds to a table travel equal to the 
lead P of the flute helicoid. 

Thus the kinematic equation for the given gear train is 

1 revolution of the work fcD — Plan a 

where D = diameter of disk 11 

a ~ angle of inclination of the bar. 
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mdchine, model 3662: 


As the table travels back and forth, slide block 6 is reciprocated and disk 12 
is rotated, first in one and then in the other direction. This motion is transmit- 
ted from the disk to the spindle to which it is linked through locking mem- 
ber 13 and index plate 12. 

^Vhen the spindle is turned for indexing, pawl 20 simultaneously rotates 
ratchet wheel 19, mounted freely on a stationary flange. Once for each full 
revolution of the hob, a dog on ratchet w'heel 19 depresses the pin of micro- 
switch through a lever, and thus energizes solenoid 27. The solenoid arma- 
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luro rocks pawl 28 which turns ratchet wheel 4. As a result, screw 3 moves the 
slide on which the bar is mounted. This imparts supplementary rotation to 
the spindle, providing rotary infeed of the hob to the depth of cut for the 
next pass. 

The infeed per hob revolution may vary from 0.01 to 0.03 mm for a 120- 
mm hob. This infeed motion is transmitted to the spindle through slide block 
6 and disk 11, as before. 

The indexing head spindle is turned to align the tooth face of the hob with 
the grinding wheel by adjusting bar 29 up or down when handle 30 of screw 
3 is rotated. 

Ratchet wlicel 4. linked to screw 3 through a friction clutch, must be disen- 
gaged when llio bar is being adjusted. 
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3. The wheolhcad is secured on the ton snrfar^ nf jLo rp, 

^heel spindle quill can be adjusted aiially in the bore ot the nheelhcad*hous- 

rpm) tLTugh a"' DeX "'couplmr™”^ ^’^OO 

motion o! the grindlns wheel spindle, required to dress the 
iihee and to set its elements in line with the hob aMs, is eficoted by adiust- 
ng the quill in the wlieelhead homing. This adjustment is made hy turning 
handwheol S4 through a gear train inciuding worm SS, gear 36, worm 38 and 
the rack cut on wheel spindle quill 37. 

5. The sleeve carrying the wheelhead is raised and lowered by means of 
screw to which rotation is transmitted from handwheel 33 through worm 
31 and helical gear 32. The sleeve travels along the cylindrical guide of the 
column. 


G. To set the v,hccl to the helix angle of the hob being sharpened the col- 
umn and wheelhead are swi\ellcd about a vertical axis by turning handwheel 
42. Botalion is transmitted from the handuhoel through worm 40 and gear 
41 to segment gear 43 mounted on a plate. The angle of column swivel is read 
off with an accuracy of V on a scale fastened to the plate and on the dial 
of the handwheel. When the preset stock allowance has been ground off the 
tooth faces, hob infeed to the grinding wheel is autoinatically disengaged and 
simultaneously a signal is given. This feature enables a single operator to 
attend several grinders. 

7. Tlie table is traversed by hand from handwheol 20. The Utter is mounted 
on the same shaft as pinion 25 which meshes with table rack 24. 


Construction of the grinder. The work table travels along the base ways 
(Fig. 365). The indexing head Is mounted at the left end of the table. At the 
right end is the footstock which can be set along a T-slot guide to the required 
position along the table and clamped. 

The table is started, stopped and traversed, and its .speed is varied by the 
hydraulic system. Lover 14 is for starling and stopping table travel; the table 
speeds are changed by turning le\er 16. The table reversing dogs are clamped 
in a T-slot at the front of the table. The right-hand dog, determining the 
extreme left-hand position of the table, is rigidly fastened in the slot; the left- 
hand dog is adjustable and is clamped, after being suitably set up, by turning 
lever 4. The extreme position of the dog is restricted by a stop. 

The hand table traverse mechanism is employed in setting up the grinder. 
It is operated from handwheel 3. 

The wheelhead column is mounted at the rear right-hand side of the base. 
The infeed mechanism, push-button station 12 for the electrical controls 
and the control panel of the hydraulic system are mounted on the front wall 
of the base. 

The components of the infeed mechanism are arranged in the upper part 

*/2 37-0649 
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of the base; the electrical devices are below them. The hydraulic drive and 
the control panel are in the right-hand side of the base. 

The ways are pressure-lubricated. 

The indexing head (Fig. 367) consists of the indexing mechanism, table 
rotation drive for sharpening helical-flute hobs and the mechanism for infeed 
of the hob to the wheel. 

The indexing mechanism indexes the hob from tooth to tooth (or rather, 
from flute to flute) and locks the spindle hydraulically. 

Spindle 2 is supported in housing. 1 by two pairs of preloaded angular- 
contact ball bearings. Fitted on the rear, tapered end of the spindle is hub 5 
on which interchangeable plate 4 is held with screws. The index plate has the 
Same number of slots as the hob has flutes. The plates are located by the 
cylindrical surface of the hub and by guide pin 6. 

Driving member 10 and inde.xing disk § are mounted on two angular-con- 
tact ball bearings near the left end of the spindle. Slide block 7 travels in a ra- 
dial direction along V-type guides fastened to the side face of driving mem- 
ber 10. The slide block carries locking member 9 which drops into the slots of 
plate 4. 

Slide block 7 with the locking member is actuated through sleeve 3, fork 
lover 11 and lever 18 which is linked to the rod of a hydraulic valve. Locking 
member 9 is withdrawn from the slot of plate 4 when the table is in its ex- 
treme left-hand position. Springs acting directly on slide block 7force the lock-, 
ing member into the slot and make it seat properly. The locking member 
can be retracted manually by turning shaft 12. For this purpose, the hexago- 
nal shank of this shaft is brought out on the rear wall of the head. The spindle 
is rotated for indexing by the combination piston-and-rack of the indexing 
cylinder mounted on the indexing head housing. Motion is transmitted 
through gear 21, mounted freely on the spindle of the indexing head, pawl 17 
and ratchet wheel 20 rigidly mounted on the spindle. 

As soon as indexing is completed and locking member 9 enters the next 
slot of plate 4, the piston returns to its initial position. 

' As it returns to its initial position, pawl 17 runs up on a shield, disengaging 
the teeth of the ratchet wliecl. This frees tlie spindle which can be suitably 
rotated during table travel in sharpening helical-flute hobs. • 

During the indexing process (locking^racmber retraction, spindle rotation 
and dropping of the member into the next slot of the index plate) the table 
remains stationary in its extreme left-hand position. The command for table 
travel to the right is given only when indexing is completed, the spindle 
is locked and the combination rack-and-piston has returned to its initial 
position. This sequence is ensured by appropriate interlocking features of the 
hydratilic system. 

^ Spindle rotation during table reciprocation, required to sharpen helical- 
flute hobs, is cfloctod by means of a tracing bar through sliding block 26 



yieh' facing arrou^J) 



Fiff. 367. Indexing bead oI the bob sharpening machine 
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whioii is linked to indexing disk 8 Ihrongh steel tapes 20. The tension of 
the ta()es is !ul|i),sted witf) screws 27. 

Itotary infeorl of the spindle to the depth of cut is carried out once for each 
revolution of tiie hob, when the ijjfeed solenoid is energized by the closing 
of tnicroswiicl) 24, mounted on cover 22. Depending upon the bob diamotor, 
the itifeed may vary frotn O.OOd to 0.05 mm per hob revolution. The micro- 
switch is tripped after eacli full revolution of ratchet wheel 10, freely mounted 
on flange /8, by lever 28. In indexing, ratchet wheel JO rotates synchronously 
with the boh being sharpened. 

The clearance in tlie ways of slide block 7 ami driving member 70 is adjusted 
by taper gib J4, using screws JO and nuts 10. 

The grinding wheel is trued and dressed by means of an attachment in- 
stalled on the wheelhead housing. The wlieel spindle quill is clamped be- 
fore dressing the wheel. 



CHAPTER 24 
AUTOMATED LINE PRODUCTION 
OF CUTTING TOOLS 


^ Tho main trend in the advancement of engineering thought at the present 
time Js toward complete mecbanizalion and automation of production proc- 
esses. New techniques in Ibis field are of vital importance in large-lot and 
mass production, as the manufacture of standard tools in tool plants can be 
classified. 

Along with the development of automatic transfer machines based upon 
a fully integrated machining cycle and Incorporating entirely new automatic 
machine tools, designed especially for this purpose, much work is being done 
to automate general-purpose and special machine tools and other allied equip- 
ment. Fully automatic machine tools arc developed by equipping those 
in regular operation with loading and other automatic devices. The next 
step IS to link these automatic machine tools together in accordance with iho 
sequence of manufacturing operations* by suitable automatic parls-handling 
devices to obtain an automated production line. 

This method of mass production automation proves very efficient, ena- 
bling labour productivity to bo subslaiUially increased, manufacturing costs 
to be reduced and the quality of the finished products to be raised. 

Automated production lines for the manufacture of machine and hand 
taps, consisting of as many as 22 machine tools each, have been developed 
by tbo Orgstankinprom Institute, in conjunction with the Soviet tool plants, 

and are in regular operation at the ‘ ' ’ *■■■ 

machines are developed for sharpe 

raatic thread grinders and packagi. . i 

the complete tap production cycle, from the stock to the packaged product, 
will be solved. 


24-1. Automatic Devices 

The wide assortment of standard tools and, in particular, taps; their exten- 
sive size range; and the necessity for using mechanisms having the same 
functions on different machine tools led to tho comprehensive unification 
and standardization of built-in mechanisms and automatic devices. 
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(2) using the difference in size of the two cross sections of stepped blanks. 
This refers to the difference in diameters of the body and shank of stepped 
laps, or in the diameters of the square and the body for taps ^vith body and 
shank of llie same diameter (straight tap blanks). 

Certain orienting mechanisms not only orient the blank, but also sort 
the lilanks according to the size of the body or shank. This feature is especially 
important in operations in which the delivery of an off-size workpiece to the 
working zone of the macliine tool will lead to spoilage of the tool being made^ 
incorrect feed into the working zone or to a breakdown. 

Figure 3G9 sliows the orientation principle, based upon the difference be- 
tween the diameters of the tap body and shank, used in a slit-type device. 
From discharge opening b of the hopper, the blank drops onto detent 6 fas- 
tened to lever 7. This lever is rocked about pin 10 by cam 9 and roll follower 
8. As lover 7 and detent 6 swing liack, the blank drops onto a slit formed by 
two projections m on a chute and steps n of shaft 11. The orienting device 
will operate properly if width C of the slit satisfies the condition 

cKC <D 

whore d and D arc the diameters of the shank and body parts of the tap blank. 

TIio lap blank drops into the slit in the horizontal position and, depend- 
ing upon the location of tlie body part, it turns about point A or A', falling 
tlirough shank first onto a chute which delivers it to the feeding mechanism. 

The mechanism used for orienting blanks of taps 4 to 6 mm in diameter, 
in whicli tlio difference between the diameters D — d is very sinall, is based 
on the use of the difference D — a, whore a is the size of the tap square. 

To regulate width C of the slit, lever 14 is turned about pin 15 by means 
of screws 12 and 13. 

Hoppers and orienting mechanisms, as well as chutes and the drives of the 
loading and handling devices, arc classed as unified mechanisms of change- 
over typo automatic devices. 

The workpieces pass from the orienting mechanism to the feeding mecha- 
nism by means of which they are delivered to the workplace. 

A scrcw-lype feeder (Fig. 370) is a relatively simple solution of the problem 
of conveying laps axially. It has been employed in the automation of cen- 
treless grinders used to grind the body of the taps. This feeder has two paral- 
lel screws 13 and 14 which are driven positively in opposite directions. Screw 
14 has a helical thread ridge of rectangular profile which mates with the 
helical groove of screw 13. 

rile lap blank drops out of the orienting device between the screws which 
convey it lengthwise to the working zone of the machine tool being fed. The 
distance between adjacent threads (pitch) of the screws should be 
-1- (5 to 10) mm, where 1^,,^ is the maximum length of the lap. 
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AUTOMATJiD LTKIO PnODIJCTION OF CUTTING TOOLS 



Fig, 370. Gearing diagram of the loading device 


Gam 12 mounted on Uio slmft ol screw Id transmits a rocking motion to 
lover 7 {Fig. 3G9), and consoqucnlly, to dolont 0, to admit the next lap blank 
to Ibo slit oC tiio orienting mociianism. 

The output of tiio hopper (Fig. 3G8) is 

Q = kzn pcs per min 

whore z ~ number of slots in Iho disk 
n — speed of the disk, rpm 

.r- O.S to 0.98 “ iilling probability factor 

S)-" average number of slots that are filled with blanks per rovolu- 
tion of the disk. 

ibo required output of the loading device isdolerminod by the permissible 
rale of axial food of the blank in the grinding zone. The speed of the pick- 
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y# '’y changing the pulleys oj hell drive i 

(tig. d/U). 

Several hoppers are furnished with the machines enabling them to be 
changed over to accommodate different sizes of taps, A set includes hoppers 
of the following diameters: 

■^App *= 300 mm for blanks with a length I ^J45 mm 

^hov ~ 300 mm for blanks with a length / = 45 to 70 mm 

^hov “ for blanks with a length f » 70 to 85 mm 

The rotary pick-up disks of all sizes of hoppers have 20 slots each. The slots 

are of a size that accommodates the largest tap blank in the given 
range. 

The loading device is changed over to handle a different size of tap, in the 
range accommodated by the same hopper, by merely changing the pick-up 
disk and adjusting the orienting mechanism and work rest blade. From 15 
to 20 minutes are required for such a change-over. 


24'2. Automated Tap Production Line 

This automated production line (Fig. 371) consists o! 17 automated machine 
tools (the illustration shows only a segment of this line) designed for machin- 
ing taps from 18 to 24 mm in diameter. 

The output of the automated line is 500 taps, 18 mm in diameter, per hour. 
The line is run by five setters-up- 



Fig. 371. Automated tap production line for taps from 18 to 24 mm m diameter: 
J— aut^ated centreless binder: ? and top-drhrcn cnam elevators. 3— automated centreless ermder 
5-tSl?Stted KoniaPmillmc roacMne; gtmA »-bottom-dr.ven chain elevatprs.r-automated 
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The following operations arc performed: (1) ^Yaslnng the tap blanks and 
checking their leiigtli in an automatic inspecting and sorting machine; (2) 
milling the ends of the blanks on an automated horizontal milling machine, 
model GSOri; (3) centring the blanks in a special automatic machine; (4) 
turning the body and shank in three automated hydraulic tracer-controlled 
lathes, model BT-10; (5) through-feed grinding of the tap body in centreless 
grinder model 3180, as a preliminary to thread rolling; (6) rough plunge- 
cut grinding of the shank in automated centreless grinder 3. model 3180; 
(7) milling the tap squares in automated horizontal milling machine 5 made 
by the Cincinnati Co.; (8) marking the taps in automated machine 7, model 
T-36; (9) pregrind rolling of the thread of machine and hand ground-thread 
taps and iinish rolling of the thread of nnground-thread taps in automated 
cylindrical-die thread-rolling machine 9; (10) finish through-feed grinding 
of the body of unground-thread taps in automated centreless grinder i/, 
model 3180, equipped witli an automatic electric-pulse counting device; 
.(11) milling the lap flutes in four automated milling machines, model 6B-1M; 
and (12) removing the burrs by a mechanical method in a special automatic 
machine wliich also counts the taps. 


24-3. Automation of the Tap-Flute Milling 
Machine, Model 6B-tM 

In the automated production linos the flutes of taps are milled by automat- 
ed milling machines, model 6B-1M. For tliis purpose, automatic loading 
devices and a control system of the automatic cycle have been built into the 
standard model. 

Figure 372 illustrates the model GB-IM miller equipped with an automatic 
loading device which consists of: hopper 3 with its pick-up and discharge 
mechanisms, drive S of the hopper mechanism, orienting and distributing 
mechanism o and hydraulic motors 70 and 77 of the feeder 7 and tailstock 
spindle retraction mechanisms. 

Taps are delivered from hopper 3 onto detent 7 from where they enter the 
orienting mechanism in a horizontal position. Chute 6\ in which the orient- 
ing mechanism is located, rocks about pivot -J and. at the moment it stops, 
discharges taps to each of the channels of the chute bank 72. From the latter 
the taps are delivered to the receivers of feeder mechanism 7. The taps are 
then carried to the lines of centres of the machine in special jaws mounted 
in feeder 9 which has a pendulum-type motion about axis 2. The laps are 
clamped between centres. 

\Mien the tap.s are being mounted between the centres and when they are 
removed, the tailstock spindles are actuated by liydraulic motor 70. while 
pendulum feeder 9 with special jaws is actuated by hydraulic motor 77. 
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Tho automatic cycle of the mUling machine consists of the following se- 
quence of operations: (1) feeding the workpieces to the lines of centres; (2) ad- 
vancing the tailstock spindles; (3) returning the pendulum feeder to its initial 
position; (4) indexing with the tailstock spindles undamped; (5) clamping 
the workpieces by axial pressure applied to the tailstock spindles, clamping 
the latter radially and ’ — - 

turning the indexing n ■ • and rapid with- 

drawal_ of the work ta • taps, the cycle, 

beginning with indexing of the taps, is repeated. 

After all the flutes have been milled, the table stops in its initial position 
and the tailstock spindles are retracted. Tho released taps drop onto the 
discharge conveyer and tho automatic cycle is repeated. Control over the 
automatic cycle and tho pcrfornaance of such operations as retraction of the 
tailstock spindles, lowering the pendulum feeder and raising it back to the 
initial position are provided for by the hydraulic sj'stem (Fig, 373), in co- 
ordination with the electric circuit. 

Tho hydraulic and electric circuits of the automatic loading device are 
linked and interlocked with the circuits of the milling machine itself. The 
controls of the automatic loader are arranged adjacent to the control desk 
of the machine. 

In operation on an automatic cycle, first the electric motors are switched 
on and then the LOWERIN G push button is pressed. This energizes solenoid 
Sda of three-way valve 1, admitting oil into the right end of cylinder 3. Tho 
piston rod of this cylinder moves to the left, turning lover 4 which retracts 
the tailstock spindles. At the ond of spindle retraction, two-position valve 
7 is switched over and oil from the system is admitted to the right end 
of cylinder 2. The latter lowers the feeder, delivering tho next lot of workpie- 
ces to tho lines of centres. The left end of the cylinder is connected with the 
tank. 

In tho lower position of the feeder, its dog 6 operates limit switch 5. This 
de-energizes solenoid Sdg of valve 2. The valve spool is shifted by spring 
action, connecting tho right end of cylinder 3 with the tank. Tho piston of 
cylinder 3 moves to the right by spring action and, at tho end of its travel, 
lever 4 switches over control valve 7. At this, oil from the system is admitted 
to the left end of cylinder 2, raising the feeder. 

In its upper position the feeder operates limit switch 8. This switches on 
electric motor 20 of hopper 9 from which the workpieces are delivered to 
the feeder for the following cycle. 

Tho consecutive operations are effected by the automation of the mill- 
ing machine. These include: indexiug of the taps, advancing the tailstock 
spindles, lowering the cutters, working feed of the table, raising the cutters 
and rapid withdrawal of the table w'lth a repetition of part of the cycle (see 
Sec, 17-3). 
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Fig. 372. Automatic loading device for the 
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Accuracy class of machine tools, 17 
Accuracy, thread-cutting, 471 
Adjustable-potential system, 39 
Adjustable sector, 223 
Adjustable stop, 291 
Adjustments, machine tool, 51 
Air-operated taiJstock, C8 ' 

Angle plate, 50 

Angular traverse gear shaving, 377 
Apron, 41, 88, 103 
Arbors, milling, 248 
Arc-erosion machining, 392 
Arm clamping mechanism, 161 
Arm elevating mechanism, 160 
Attached table, 463 
Attachment, taper-turning, 58 
Attachments, broaching machine, 306 
horizontal boring machine, 179 
lathe, 60 

milling machine, 218 
planer, 262 
shaper, 279 
slotter, 287 
Auto-positioning, 543 
Automated production line, 581 
Automated tap production line, 587 
Automatic control, 118 
Automatic cycle, 140, 212, 256, 338, 430, 
516 

Automatic machine tool, 117 
Automatics, groups of, 118 
Automation, lathe, G8 
Auxiliary motion, 18, 84, 110, 158 
Average cutting speed, 21 
Axial traverse gear shaving, 376 
Axle lathe, 77 

Backlash compensator, 486 
Baffle device, 582 
BaJancing gTindiag wheels, 340 
Ball bearing centre, 49 
Bar clamping mechanism, 101 


Bar feed mechanism, 97 

Bar-type turret lathe, 85 

Basic model, 30 

Bevel gear generator, 370 

Blank manufacture, 403 

Block cutter, 180 

Boring bar, 181 

Boring head, 180 

Boring mills, vertical, 108 

Braking device, planer table, 256 

Broach-handling slide, 297 

Broach, internal, 294 

Broaching machine attachments, 300 

Broaching machine automation, 307 

Broaching machine performance, 292 

Built-m revolving table, 176 

Calculations, correction bar, 472 
Cam drive, 118 

Camshaft, high-speed auziliar}’, 119 
Camshaft lathe, semiautomatic, 82 
Capstan-type turret lathe, 85 
Carriage, 41, 476 
Carriage, tracing slide, 424 
Carrier, spindle, 130, 145 
Ccntrc-dnvo lathe, 79 
Centre-type semiautomatic lathe, 136 
Centreless grinder performance, 331 
Centreless grinding, automatic infeed, 335 
Centreless grinding on supporting shoes, 
339 

Centreless thread grinder, 337 
Centres, lathe, 49 
Change-gear quadrant, 40, 52 
Qiange gears, checking, 55 
Change-over type transfer machine, 401 
Chuck, collet, 85 
Chuck, cutter, 250 
Chuck, quick-change, 156 
Chuck, nbeel, 340 

Chucking'type semiautomatic lathe, 136 
Chucking'type turret lathe, 85 
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Chucks, lathe, 46 
Cincinnati Co. (USA), 301, 5SS 
Circular milling attachment, 22S 
Circular milling methods, 247 
Circular planing attachment, 262 
Circular sawing machine, 242__ 

Clamping accessories, work, 250, 290 
Clamping gear blanks, 366 
Clapper box, 25S 
Classification, boring machine, 170 
broaching machine, 293 
centreless grinder, 331 
drilling machine, 151 
Classification, gear-cutting, 357 
grinding machine, 310 
horizontal turret lathe, 85 
internal grinder, 317 
machine tool, 13 
milling machine, 198 
multiple-spindle automatic, 12S 
planer, 253 

precision horing machine, 182 
semiautomatic lathe, 118, 136 
single-purpose grinder, 343 
thread grinder, 481 
thread-rolling machine, 509 
tool grinder, 560 
unit-built machine, 187 
Clearance milling head, 449 
Clutch, overrunning, 45 
Collet chuck, 85 
Column, radial drill, 158 
Compensating infeed, 492 
Comjiensator, pitch, 482, 488 
Complete traverse thread grinding, 481 
Compound rest, 41 

Compound-table milling machine, 206 
Contact-initiated discharge machining, 396 
Contact pressure, 234 
Contactless electronic tracing system, 234 
Continuons broaching machine, 302 
Continuous rot.ary milling, 218 
Contouring attachment, tracer-controlled, 
60 

Control panel, tracing slide, 431 

Co-ordinate dimensions, reading, 537 

Co-ordinate preselection, 543, 55S 

Correction bar, 471, 479, 484, 499, 503, 546 

Correction device, 535 

Crank-drive shaper, 273 

Crank-drive slotter, 281 

Crankshaft lathe, semiautomatic, 79 

Cross slide, 41, 132, 478 

Cross slide carriage, turret lathe, 90 


Cross-tj-pe turret, 144 
Cromi gear, imaginarj% 370, 374 
Curved tooth bevel gear grinder, 382 
Cutter, boring, ISO 
Cutter chuck, 250 

Cutting-ofI machine, automatic, 119 
automatic vertical, 403 
four-spindle automatic, 128 
Cutting speed, IS 
Cutting speed, average, 21 
Cycle time, 148 
Cylinder cam, 118 
Cylinder, differential, 414 
Cvlindrical-die thread rolling machine, 
509, 511 

Cylindrical grinders, 311 
Cjdindrical grinding methods, 312 

Deep-hole drilling cycle, 197 
Designation, model, 13 
Diamond boring, 182 
Differential cylinder, 414 
Differential hj-draulic circuit, 241, 245 
Differential indexing, 225 
Dimensional data, lathe, 29 
Direct indexing, 218 
Distance between centres, 29 
Dividing head ratio, 221 
Dividing head setup for helical milling, 226 
Dividing heads, 218 
Dog, lathe, 49 
Dog plate, lathe. 49 
Double-cut tool head, 279 
Double-housing planer-type milling ma- 
chine, 213 
Dressing, wlieel, 492 

Drill-flute milling machine, semiautoma- 
tic. 442 

Drill fluting methods, 441 
Drill head, 162 
Drill point sharpener, 567 
Drill press turret, 156 
Drilling spindle, 154 
Drive characteristics, 24 
Drive, grinding wheel, 319, 330 
separate, 35 
servomechanism, 427 
stepless speed, 39 
variable-speed, 37 
Drum-type milling machine, 245 
Dwell, 197 

Edge planer, 267 
Electric tracing device, 62 
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Electrical-discharge machining, 391 
Electrical grinding spindle, 320 
Electrical-pulse discharge machining, 392 
Electrolytically assisted discharge machi- 
ning, 393 

Electromachining processes, 391 
Electromagnetic clutches, 1Q6, 113 
Electromechanical traccr-controllcd mil- 
ling machine, 235 
Electrospark machining, 392 
End feed centreless grinding, 334 
End-support column, 176 
Engine lathes, 27 

ENIKIS (Experimental Research Institute 
for Metal-Cutting Machine Tools), 13, 
156, 307, 388 

Equation, kinematic balance, 53 
Ei-coll-O Corp. (USA), 482 
Expansion mandrel, 50 
Explorator, 236 


Taceplale, indexing, 55 
lathe, 50 
Facing lathe, 70 
Facing slide, 177 

Fastening accessories, standard, 250, 290 

Feed drive, engine lathe, 39 

Feed gearbox, 41, 83. 106, 115, 155, 160 

Feed gearbox, quick-change. 41, 52 

Feed gear tram, 40, 75, 103, 136 

Feed motion, 18, 84, 110, 120, 151, 246, 367 

Feed, rate of. 18 

Feedback, 414. 426 

Feeder, screw-type, 584 

Feeding finger, 100 

Feeding position, 130 

Filling factor, hopper, 582 

Fixed-bed duplex milling machine, 216 

Fixed-head vertical milling machine, 206 

Flate-die thread rolling machine, 509 

Floor-type horizontal boring machine, 172 

Flute milling head, 449 

Fluting methods, drill, 441 

Fly cutter, 361 

Follower rest, 50 

Form-cutting process, 355, 370 

Formative motions, 18 

Formed-wheel gear grinding, 382 

Four-edge tracer valve, 279 

Pour-jaw chuck, 49 

Four-spindle automatic cutting-olI ma- 
chine, 128 
Full stroke, 21 


Gauging system, in-proccss, 186 
Gear blanks, clamping, 366 
setting up, 365 

Gear-bumishing machine, 375 
Gearcutting methods, 355, 370 
Gear-finishing processes, 375 
Gear grinder, 381, 517 
Gear-hobbing machines. 357 
Gear-lapping machine, 331 
Gear shaper, 367 
Gear-shaping attachment, 287 
Gear-shaping cutter head, multiple-tool, 


lie iiDV 

Gear-tooth rounding methods, 386 
Gear train, tbread-cuttmg, 52 
Gear, tumbler, 41 
Geanog diagram. 21 
Gearing ratio, 24 
General-purpose machine tools, 16 
Generating gear, 370, 374 
Generating process, 356 
Generation gear grinding, 382 
Grinder modernization, 565, 572 
Grinder performance, 311 
Grinding attachment ior shapers, 279 
Grinding operations, 310 
Grinding wheel drive, 319, 330 
Grinding wheels, mounting, 340 


Half-centre, 49 
Half-nuts, 41 

Handling device, automatic, 150 
Headstock, 32, 86, 131, 174, 416, 455, 465 
Height of centres, 29 
Helical milling setups, 226 
Helical planing attachment, 262 
High-speed auxiliary camshaft, 119 
High-speed milling machine, 206 
Hob feed, directions of, 360 
Hob, fly-cutting, 361 
Hob sharpening machine, semiautomatic, 
572 

Holder, multiple-tool, 56 
Hole circle, 223 
Honing process, 346 
Hoppers, 582 
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Ifonzonlal boring rnncbine nccoj-Horios, i /9 
JJorizontal boring macbincs, 170, 177 
Horizontal broacbing rnacliine, 29^ 
Horizontal spinfllo gear shaper, 370 
Horizontal-spindle rociprocating-tabic grin- 
der, 32-1 

Horizontal-spindle rotary-table grinder, 32o 
Horizontal surface broaching machine, 301 
Horizontal tiUTOt lathe, 8o, 101, 101 
llydranlic circuit, 23C, 2G0, 296, 323, 351, 
/il8, -159 

Hydraulic grinding wheel drive, 320 
Hydraulic mnlti|)JO'tool semiautomatic 
lathe, I'll 

Ilydraiilic planer, 200 
Hydraulic servomechanism, 230 
Hydraulic shaper, 270 
Hydraulic sloltcr, 285 
Hydraulic tracing slide, 02 
Hydraulic tracing system, 425 

Identification code, machine tool, 13 

Imaginary crown gear, 370, 374 

In-process gauging system, 180 

In-travel control, 430, 442 

Independent clinch, 40 

Index plate, 223, 525 

Indexing, direct, 218 

Indexing faceplate, 55 

Indexing gearbox, 405 

Indexing head, 455, 578 

Indexing in a lathe, 50 

Indexing mechanism, 522 

Infeed centreless grinding, 334 

Infeed, compensating, 492 

Ingot lathe, 77 

Jnterchangeahlc programme disk, 144 
Inlerciiangeahlc turret, 108 
Internal liroaching machines, 294 
Internal centreless grinding, 338 
fnternal grinder performance, 317 

•law clutch, safety, 42 
Jig-horing machine, 527, 543 

Keywny milling methods, 238 
KharhoV iHacliine Tool Plant, 341 
Kinf'iualic hnlnncn equation, 53 
Kinematic cliains, conventional represen- 
tation ol, 21, 22 
Kinematic diagram, 21 
Kinematic parameter, 24 
Knee-tyfie milling macliincs, 199 


Krasny Proletary Plant, 02 

Lapping media, 348 
Lapping methods,^ 350 
Lapping process, 348 
Laps, 348 

Lathe performance, 27 
Lathe tools, 20 
Lead cam, 124 ^ 

Lead of helix, 55 

Lead screw, 41, 472 

Loading attachment, 150 

Loading position, 130 

Loading system, symmetrical, 307 

Long horing har, 179 

Machine tool classification, 13 
Machine tool handling, multiple, 7,3 
Machine tool identification code, 13 
Macliine tool specialization, 10 
Magnetostriclive transducer, 398 
Main column, 174 

Main drive, 30, -3,5, 75, 101, 113, 13(> 
Main slide, 297 
Mandrel, lathe, 50 
Matching, thread, 482, 488 
Mechanical tracing system, 232 
Melal-cutting lathes, 20 
Microfinishing processes, ,344 
Micron feed, 493, 499 
Milling atlachmcnl, circular, 228 
Milling attachment for lathes, 02 
Milling cutters, mounting, 248 
Milling head, flute, 449 
Milling machine accessories, 248 
Milling macliine attachments, 218 
Milling machine performance, 198 
Model designation, 13 
Modernization, grinder, 505, 572 
Modified tangential gear shaving. 377 
Moscow Machine Tool Engineering Insti- 
tute, 509 

Alotion, relieving, 82, 492 
Motions, in machine tools, 18 
Mounting grinding wheels, 340 
Mounting milling cutters, 248 
Multiple machine tool handling, 7,3 
MullipIc'])osition positive stop, 08 
Multiple-spindle vertical lathes, semiauto- 
matic, 144 

Mnllij)Ic-spindlc vortical progressive-, action 
semiautomatic, 144 

Multi pie-station broaching machine, 302 
.Multiple threads, cutting, 50 
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Slultiple-tool gear shaping cutter head. 
006, 370 

Jlultiple-tool bolder, 56 
Multiple-tool setup, 72 
Jlultiple-tool turning, 137 
^lultinbbed wheel, 480 

■Oil-groo\e cutting attachment, 265 
Oilgear Co. (USA), 306 


Optical measuring system, 529 
Optical system, 535, 546 
Oigstankinprom Designing Institute, 401, 
581 

Orienting mechanism, 582 
Overrunning clutch. 45 
Overrunning threading method, 134 

Pantograph milling machine, 232 
Parallel-action automatic, 128 
Parallel-action compound tool bead, 149 
Parallel-progressive action m automatics, 
131 

Partial traverse thread grinding, 481 
Performance, lathe, 27 
Pickup, 418 
Pit planer, 267 
Pitch corrector, 482 
Pitch of helix, 55 
Plain cylindrical grinder, 311 
Plain dividing head. 218 
Plain horizontal milling machine, 199 
Plain turning lathe, 68 
Planer accessories, 288 
Planer attachments, 262 
Planer, shaper and slotter performance, 251 
Planer table drive, 256 
Planer-type horizontal boring machine, 
172 

Planer-type milling machine, 212 
Planetary motion mechanism, 320 
Planetarj" thread-rolling process, 510 
Planetary-typo internal grinder, 319 
Plate cam, 118 
Plate planet, 267 
Plunge-cut thread grinding, 496 
Pneumatic chuck for lathes, 65 
Pneumatic grinding wheel dri\e, 320 
Positive stop, multiple-position, 68 
Power units, 191 


Precision threading lathe, semiautomatic 
474 

Preselection, co-ordinafe, 543. 553 
Preselection of speeds, 85, 166 
Preselector controls, 104, 174 
Pressure, contact, 234 
Primary cutting motion. 18, 84. 120. 145 
182, 242. 246, 293 

Programme-controlled drilling table, 

Programme disk, interchangeable, 144 
Progressi\e-action automatic, 130 
Puller head, 301 
Pulling force, 294 

Quadrant, change-gear, 40, 52 
Quick-change chuck, 156 
Quick-change feed gearbox, 41, 52 
Quick-change toolholder, 65 
Quill, 154 

Rack-type gear shaper cutter, 366 
Radial drill, 150 
Radial infeed gear bobbing, 361 
Ram, 269 

Ram-head milling machine, 206 
Ram-type turret lathe, 85 
Rapid-traverse roechaDism, 45, 88 
Ratio, dividing head, 221 
Reach-over cross slide carriage, 90 
Reading co-ordinate dimensions, 537 
Receding table, 301, 307 
Reisbauer Co- (Switzerland), 482 
Relief grloding, 482, 492, 501 
Relief valve, balanced piston, 414 
Relieving lathe, 82 
Removable-strap cam, 118 
Representation of kinematic chains, con- 
ventional, 21, 22 
Rests, lathe, 50 

Resultant tracing feed curve, 427 
Retainer, 348 
RcTOrsing unit, 40 
Revolving tabic, built-in, 17G 
Right-angle traverse gear shaving, 377 
Rocker slide, 120 

Rockford Machine Tool Co. (USA), 2C0 
Roll-tumiDg lathe, 77 
Roller bearing centre, 49 
Rotaiy crossed-axes gear shaving, 376 
Rotary gear shaper cutter, 366 
Rotaiy’ table, 228 
Rotary-table milling machine, 217 
Rotary threading tool head, 56 
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Rotating bevel gear cutters, 371 
Runway, 172 

Saddle, 41, 93 
Safety jaw clutch, 42 
Sawing machine, circular, 242 
Scale, micron, 537 
Screw jack, 290 
Screw-type feeder, 584 
Scroll-type chuck, 46 
Self-centring chuck, 46 
Self-contained power unit, 191 ^ 
Self-propelled radial drill, 15S 
Semiautomatic cycle, 73, 75 
Semiautomatic lathe, 73 
Semiautomatic machine tool, 117 
Semiautomatic tracer-controlled lathe, 77, 
412, 420 

Semiautomatic turret lathe, 143 
Seminsky, V., 60 
Separate drive, 35 
Separate-feed power unit, 191 
Servomechanism drive, 427 
Servomechanism, hydraulic, 236 
Servomechanism tracing system, 422 
Servosystom, 412, 558 
Setting up a machine tool, 51 
Setting up gear blanks, 365 
Setting-up unit, 52 
Setup, multiple-tool, 72 
Shaper accessories, 288 
Shaper attachments, 279 
Shaper ram velocity, 273 
Shaper slide feed, 277 
Side-hung cross slide carriage, 91 
Simple indexing, 221 
Single-edge cam, 118 
Single-purpose lathes, 77 
Single-purpose machine tools, 16 
Single-purpose milling machines, 229 
Single-rib wheel, 480 
Single-spindle automatic lathes, 119 
Single-spindle automatic screw machine, 
122 

Single-spindle semiautomatic chucking ma- 
chine, 143 

Single-spindle saraiautomalic lathe, 136 
Size range of engine lathes, 30 
Sleeve, wheel, 340 
Slide, facing, 177 
Slide, rocker. 120 

Sliding-hcad vortical milling machine, 206 
Slottcr accessories. 288 
Slotlcr attachments, 287 
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Slotter ram velocit 3 % 281 
Slotting attachment, 229 
Slow mandrel, 50 
Smirnov, N., 56 
Solid cam, 118 
Spark erosion, 391 

Spark-over-initiated discharge machining, 
392 

Special machine tools, 17 
Specialization, machine tool, 16 
Specialized machine tools, 17 
Speed gearbox, 32, 86, 104, 174, 208, 242, 
275, 532 

Speeds, preselection of, 85, 166 

Spherical turning attachment, 62 

Spindle carrier, 130, 145 

Spindle unit, 154, 530 

Spiral bevel gear generator, 374 

Spiral milling attachment, universal, 22S 

Spline milling attachment for lathes, 65 

Square turret, 50 

Stand, balancing, 341 

Standard plain tool head, 149 

Steady rest, 50 

Step block, 290 

Stepless speed drive, 39 

Stop spool, 93 

Straight automatic bar machine, four- 
spindle, 128 

Straight bevel gear generators, 371 
Stroke, full, 21 
Stub boring bar, 179 
Stub milling arbors, 248 
Sub-base, 189 
Superlinisbing process, 353 
Surface broaching machines, 301 
Surface finish, attainable, 344 
Surface grinder performance, 326 
Svetozarov, V., 37 
Swing of a lathe, 29 

Swiss-typo automatic screw machine, 120 
Swivel-head vertical milling machine, 206 
Sj'mmetrical loading system, 307 

Table, annular, 110 
attached, 463 
boring mill, 113 
Table drive, planer, 256 
Table, recoding, 301, 307 
Table-t^^pe horizontal boring machine, 171 
Tabic unit, 176, 561 
Tailstock, 141 
Tailstock, air-operated, 68 
Tailstock, lathe, 45 
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Tailstock seto\er, 58 
Tangential feed gear Lobbing, 361 
Tap-Dute milling macLme, automated, 588 
Tap-flute milling machine, semiautomatic. 
453 

Tap production line, automated, 587 
Taper attachment, 479 
Tapered hob, 361 
Tapered multiribbed wheel, 481 
Taper thread grinding, 493 
Taper turning methods, 56 
Thread-cutting accuracy, 471 
Thread-cutting gear tram, 52 
Thread-cutting machines, 471 
Thread-cutting setups, 53 
Thread grinder attachments, 507 
Thread^inding methods, 480 
Thread matching, 482, 488 
Thread-rolling attachment, 280 
Threading by overnmning method, 134 
Threading tool head, rotary, 56 
Three-jaw chuck, 46 
Three-position milling machine, semiauto- 
matic, 462 

Three-spmdle headstock, 465 

Through-feed centreless grinding, 333 

Tool grinder, semiautomatic, 567 

Tool head, 404 

Tool head, double-cut, 270 

Tool heads of vertical semiautomatics, 149 

Tool head, planer, 258 

Toolholder, quick-change, 65 

Toolholder, travelling, 132 



Toolpost slide, 82 
Tool relief mechanism. 141 
Tool rests, vertical, 120 
Tool slide, main, 132 
Tracer-controlled broaching attachment, 
306 

Tracer-controlled contouring attachment, 
60 . . 
Tracer-controlled duplicating machines. 

Tracer-controlled lathe, semiautomatic, 77, 
412, 420 

Tracer-controlled semiautomatic centre- 
type lathe, 141 

Tracer-controlled shaper, hydraulic, 279 
Tracer-controlled slide, 77 
Tracer-controlled sllde^ for planers, 263 
Tracer-controlled turning, 137 
Tracer, form, 236 


Tracer valve, four-edge, 279 
Tracing deMce, electric, 62 
Tracing feed c^l^^e, resultant, 427 
Tracing slide carnage, 424 
Tracing slido control panel, 431 
Tracing slide, hydraulic, 62 
Tracing system, contactless hydraulic, 234 
hydraulic, 425 
mechanical, 232 
one-dimcnsional, 412, 430 
servomechanism, 422 
tno-dimensional, 430 
Tractor and Agricultural Machinery Re- 
search Institute, 321 
Transducer, magnctostrictive, 398 
Transfer machine, change-over type, 401 
Transmission ratio, 24 
Traverse, rapid idle, 45 
Traverse thread grinding, 496 
TSNIITMASH (Central Research Institute 
for the Heavy Engineering Industries), 
37. 565 

Tumbler gear, 41 
Turret, 83 
Turret clamp. 93 

Turret indexing, automatic, 93, 97 
Turret, interchangeable, 108 
Turret lathe accessories, 107 
Turret lathes, horizontal, 83 
Turret, square, 50 

Two-dimensional tracing system, 430 
Two-feed taper turning, 59 
Two-sidcd-drive lathe, 79 
Type and size range, 13 

Ulliasooic machining, 398 
Unit-built machine classification, 187 
Universal broaching machine, 302 
Universal chuck, 46 
Universal dividing head, 219 
Universal horizontal milling machine, 
20G 

Universal milling attachment, 228 
Universal thread-grinding machine, 484, 
49C 

Universal tool and cutter grinder, 561 
Upright drill presses. 151 

Variable-flow valve, 412 
Variable-speed drive, 37 
Vertical boring mill accessories, 116 
Vertical boring mills, 108 
Vertical cutting-oH machine, automatic, 
403 
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Vertical internal broacliing machine, 297, 
307 

Vertical iceyway milling machine, 238 
Vertical knee-type milling machine, 200 
Vertical-spindle rcciprocating-tahlo grin- 
der, 323 

Vertical-spindle rotary-lahle grinder, 320 
Vertical turret lathes, 108 
Vibration lioning, 3''i7 
A’'ises, machine, 230 


Ward-Lconard system, 39, 529 

Wedge-type jack, 290 

Weight classification of machine tools, 17 

Wheel dressing, '1 92 

Wheel-dressing device, automatic, 404 

Wheel lathe, 77 

Whoclhead, 505, 525, 503, 577 

Work clamping accessories, 250, 290 

Working motions, 18 
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